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PREFACE TO FOURTH EDITION. 

Changes in the art of heating- and ventilating buildings 
have been so pronounced in the last few years that it has 
been considered advisable to entirely reconstruct the Hand- 
book rather than to make additions to the old text. The 
book, therefore, has been rewritten and reset in every part. 
There have been added approximately 87 pages consisting 
of revisions, extended discussions of original text and new 
subject matter not before considered. Of this increase, Chap- 
ter I has 17 pages, including discussions on heat applications, 
combustion of fuels and analysis of flue gases; Chapters II, 
III, IV and V on air measurements, heat losses and furnace 
heating have 19 pages devoted largely to extensions; Chap- 
ters VI, Vil, VIII and IX on hot water and steam heating 
have 28 pCges, increasing the original text of this part by 
approximately 43 per cent. This includes descriptions of 
modified gravity systems, both steam and water, valves, fit- 
tings and piping connections; Chapters X, XI and Xil on 
mechanical warm air systems have 10 pages of extensions, 
and Chapter XIII has 4 pages of extensions to the calcula- 
tions of hot water and steam mains. The remainder of the 
book is in substance as it was with the addition of Sugges- 
tions to School Districts, 4 pages, Chapter XVIII, Suggested Pip- 
ing Connections for Vacimm System Details, 3 pages, Appendix 3, 
and several new tables on pipe sizes for hot water and 
steam service. 

Especial attention has been given to the simplification 
of every important subject by applications to practical prob- 
lems. These applications in most cases have been completely 
analyzed and their results compared with other parallel 
cases. No effort has been spared to have the entire subject 
matter complete and up to date and to present it in a way 
that will be at once simple and effective. 

This little book is as a growing child. We wish it to be 
very active and useful to the general public. To do this it 
must be versatile and resourceful, carrying no excess ma- 
terial and trained down to service conditibn. We ask the 
assistance of our friends and their suggestions in its behalf. 

LaFayette, Ind. J. D. H. 



BXTRACT FROM PREFACES TO FIRST EDITION. 

In the development of Heating: and Ventilating: work, it 
is highly desirable that those engraved in the desigrn and the 
installation of the apparatus be provided with a Handbook 
convenient for pocket use. Such a treatise should cover the 
entire field of heating: and ventilation in a simplified form 
and should contain such tables as are commonly used in 
every day practice. This book aims to fulfill such a need and 
is intended to supplement other more specialized works. Be- 
cause of the scope of the work, its various phases could not 
be discussed exhaustively, but it is believed that the funda- 
mental principles are stated and applied in such a way as 
to be easily understood. It is sugrgrestive rather than dig:es- 
tive. The principles presented are the same as those that 
have been stated many times before, but the arx:V7gement of 
the work, the applications and the desigrns are^V, original. 
Many equations and rules are necessarily g:iven,^ but it will 
be seen that, in most cases, they are developments from a 
few g:eneral equations, all of which can be readily under- 
stood and remembered. Practical points in constructive de- 
sig:n have also been considered. However, since the prin- 
ciples of heating: and ventilation are founded upon funda- 
mental thermodynamic laws, it seems best to accentuate the 
theoretical side of the work in the belief that if this is well 
understood, practical points of experience will easily follow. 

All the standard works upon the subject have been 
freely consulted and used. In most cases where extracts are 
made, acknowledg:ment is griven in the text. Because of 
these references throughout the book, we do not here repeat 
the names of their authors. We wish, however, to express 
our sincere appreciation of their valuable assistance. 

LaFayette, Ind. J. D. H. 



E3XTRACT FROM PRE3FACE TO SECOND EDITION. 

A few corrections were made on the first edition and all 
the material has been revised and brought up to date. The 
work on air conditioning has been amplified. The descrip- 
tions of hot water and steam heating have been improved 
by diagrams of the various piping systems. Two chapters 
have been added on refrigeration and many tables have been 
added in the Appendix. Many suggestions coming from men 
in practice have been included, thus enlarging upon the prac- 
tical side and the applications. 

Lincoln, Neb. J. D. H. 
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CHAPTER 1. 



HEAT — ^ITS NATITRE, GENERATION, USE, MEASUREMENT 

AND TRANSMISSION. 



!• Introdactoryx — In all localities where the atmosphere 
drops in temperature much below 60** Fahrenheit, there is 
created a demand for the artificial heating of building^s. As 
the buildingrs have grown in size and complexity of con- 
struction, so also this demand has grown in extent and pre- 
ciseness. w^ith the general result that out of the open fire 
place and iron stove there has developed a science growing 
richer each day from inventive genius and manufacturing 
technique — the science of the heating and ventilating of 
buildings. The purpose of this handbook shall be to out- 
line the fundamental principles and practical applications of 
this science in its various branches. 

To the average heating engineer it may be that the 
exact nature of heat itself is of much less moment than its 
generation and transmission, but these facts should be im- 
pressed, — that heat is one form of molecular energy, that it 
cannot be created except by conversion from some other 
form, and that it is infallibly obedi'ent to certain physical 
laws and principles which should be understood and used 
by every engineer. 

In generating heat for heating purposes the almost uni- 
versal method is combustion. The union of the combustible 
content of such substances as coal, wood or peat with the 
oxygen of the air is always attended by a liberation of heat 
derived from the chemical action of the combination; and 
this heat is carried by some common carrier, such as air, 
water or steam, to the building or room to be heated where 
it is given off by the natural cooling process. In some in- 
stances this heat is converted into electrical energy which 
is carried by wire to the place of use and giv«n off as heat 
througrh a set of resistance coils. This method is not much 
favored as yet because of its inefficiency and the resulting 
expense, an objection which does not hold in the case of 
water po'wer installations where the combustion of fuel is 
entirely eliminated. 
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a* Heat— Teatpcmtwrei — The meaningr of the word heat 
should not be confused with that of the word temperature. 
Although closely related they are far from bein^ Inter- 
changeable. In a sriven mass of any substance, except 
when passing: througrh a change of state, the universal law 
is that the addition of heat raises the temperature and the 
subtraction of heat lowers the temperature of the sub- 
stance. Heat is the cause and temperature is one of the 
effects. In the measurement of heat the most commonly 
accepted unit in practical engineeringr work is the British 
thermal unit, abbreviated B. t. u. This may be defined as 
that amount of heat which will raise the temperature of one pound 
of pure water one degree Fahrenheit (See definition for specific 
heat, Art. 8). This unit value, the B. t. u., measures the 
quantity of heat, while the temperature measures the inten- 
sity or degree of heat. In equal masses of the same sub^ 
stance the two are proportional. The Fahrenheit scale is the 
more commonly used temperature scale, especially in steam 
engineering:. The unit of this scale is derived by dividing 
the distance on the thermometer between the freezing point 
and the boiling point of water into 180 spaces called de- 
grees, the freezing point being marked 32*" and the boiling 
point 212". All temperatures in this hook, unless otherwise stated^ 
will he taken according to the Fahrenheit scale and all quantities 
of heat expressed in British thermal units. 

A second unit of quantity of heat considerably used in 
scientific research is the calorie, abbreviated cal., and defined 
as that amount of heat which will raise one kilogram oJ! 
pure water from 17** to 18** centigrade. The centigrade scald 
is a second temperature scale, the unit of which is derived 
by dividing the distance on the thermometer between the 
freezing point and the boiling point of water into 100 de- 
grees, the freezing point being marked 0" and the boiling 
point 100**. 

It is often found desirable to change the expression 
for temperature or for quantity of heat from one system 
of terms to that of the other. For this purpose the follow- 
ing equations will be found useful: 

9 5 

F = — + 32 and C = (F — Z2) — (1) 

5 9 

where F = Fahrenheit degrees and C = centigrade degrees; 
From these equations it may be seen that the two scales 
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coincide at but one point, — 40*. For conversion of the 
quantity units the following may be used: 

1 British thermal unit = 0.252 calorie. 

1 calorie = 3.968 British thermal units. 
These are for the absolute conversion of a certain quantity 
of heat from one system to the other. If, however, the effect 
of this heat is considered upon a given weight of substance 
and the weight also is expressed in the respective systems, 
the following values hold: 

1 calorie per kilogram = 1.8 British thermal units 

per pound. 
1 British thermal unit per pound = 0.555 calorie 

per kilogram. 
For conversion tables see Marks' Mechanical Engineers' 
Handbook or Kent's Mechanical Engineers' Pocket-Book. 

3. InstrmnentB Used in Measorlns: Temperature! — In- 
struments intended to indicate degree or intensity of heat, 
i. e., the temperature of substances, are designed upon many 
different principles. Of these the following represent the 
important general classifications: 

Expansion of a Liquid with Increase in Temperature. — The 
ordinary mercury, alcohol or ether-in-glass thermometers be- 
long to this great class. Mercury thermometers should not 
be used to register temperatures near the top of the scale 
for fear of rupturing the glass. To overcome this difficulty 
some thermometers are made with a mercury-well at the 
upper end of the mercury column. The objection to be 
offered to this form is the difficulty of completely emptying 
the upper well after it has been partially or wholly filled 
with mercury. The ordinary mercury-in-glass thermometer, 
either with or without the upper mercury-well, should not 
be used on temperatures above 600* F. because of the fact 
that mercury boils at 680* F. Mercury-in-glass or mercury- 
in-quartz thermometers have been used up to 1300* F. by 
compressing into the space above the mercury some neutral 
gas, as nitrogen or carbon dioxide. This type, however, is 
open to the objection of high breakage costs. Due to the 
fact that mercury freezes at — 38* F. it cannot be used for low 
temperature thermometers. These are usually made with 
alcohol as the liquid, since alcohol freezes at — 170* F. 

Expansion op a Solid with Increase in Temperature. — In- 
struments built upon this principle are commonly called ex- 
jHinsion pyrometers. Fig. 1, a, shows such a pyrometer. Ins* 
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n of the instrument is a metallic expansion e 

he free end of which operates the hand o 
the dial. Such an instrument may be used up to the lowe> 
temperature of the softeninK point of the metals in the sten 
Ordinarily, errors ot 2 to 6 per cent, may be expected In tl; 
temperature readingr. 





Fie 1 

Fusion of Cones if Refbactoby Materials, — This principle 

la etceedlngU ilmple in application as shown in Fig. 1, 6. 

Several of a series of cones vari Ing in mineral composltiona 

and hence In melting points are exposed to the temperature 
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to be measured and this temperature is indicated by that 
cone of the series which just melts or softens sufficiently to 
lose its shape. With the cones is furnished a table of tem- 
peratures for comparison. From the illustration, the tem- 
perature Indicated is evidently that corresponding to cone 
number 08, which from the Seger cone table is 1814'* F. 
Seger cones for such measurements may be obtained to indi- 
cate temperatures from 1094'* F. to 2800" F. by increments 
varying from 25 to 55 degrees. 

Tbansfbb of a High Temperature Body and its Heat to a 
Known Quantity op Water. — This is the principle embodied in 
all pyrometers of the calorimetric type, one of which is shown 
in Fig. 1, c. A thoroughly insulated vessel contains a known 
quantity of water, a thermometer and a stirring device. A 
ball of platinum, copper or iron of known weight and 
specific heat is exposed to the temperature to be measured, 
by means of the handle shown in the figure or by a small 
crucible. When the ball has reached its upper temperature, 
it is quickly transferred to the water of the insulated vessel 
and the rise of temperature of the water is noted from the 
tliermometer. Upon the suppositions that all the heat in 
the ball is transferred to the water and that the ball and 
the water finally reach the same temperature, the assump- 
tion may be made that the heat gained by the water equals 
that lost by the ball, hence the product of the weight, tem- 
perature rise and specific heat of th* water, divided by the 
product of the weight and specific heat of the ball gives the 
drop in temperature through which the ball has passed. 
From this the upper temperature reached by the ball may 
be obtained by adding to the temperature drop, the final 
temperature of the water and the ball. Let s = specific heat 
of the ball, T = upper temperature of ball, m = weight of 
the ball, * and V respectively = beginning and ending tem- 
peratures of the water, and w = weight of the water. 
Remembering that the specific heat of water is 1, we have 

to it' — O = SW' iT — r) whence (2) 

T h r 

am 

The objections to this method of temperature measurement 

are its slowness due to the necessary computations and 

manipulations, and the fact that considerable error may be 

introduced during the transference of the ball from the 

heated space to the calorimeter. When this method is used 
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for very hig^h temperatures the ball Is made of porcelain or 
Are clay. 

Changs of Resistance of an Electric Conductor, or Change 
OF Voltage of an Electric Thermo-couple. — Instruments built 
upon either of these two electrical principles are extremely 
delicate but give very accurate results, It being possible to 
determine temperatures up to 2000' F. with a variation of 
but one or two degrees. For practical work electric pyrom- 
eters are more commonly of the thermocouple type (See Fig. 
1, d). To the right is shown a porcelain tube enclosing a 
thermo-couple of two dissimilar metals. If this tube is 
subjected to the temperature to be measured, the potential 
generated by the couple upon heating is proportional to the 
temperature. Hence, if connected to a voltmeter as shown 
at the left, the voltage generated may be indicated, or as 
is usual, the temperature may be read directly since the 
scale of the voltmeter may be graduated in degrees instead 
of in volts. This type of pyrometer is extensively used. 
From each of a large number of testing points, thermo- 
couple wires may be brought to a central point, where by 
means of a switch the temperature at any couple may be 
instantly observed by throwing its current into a common 
voltmeter or temperature indicator. 

Other types of temperature measuring instruments are 
designed upon the principle of the optical pyrometer, and 
the gas and air thermometers, but these are not used to as 
large an extent in practice as are the five above mentioned. 

4. Absolute Temperature! — In experiments that have 
been carried on with pure gases with the use of air ther- 
mometers, it has been found that gases expand or contract 

1 1 

approximately of their volumes at 32° F. ( of their 

492 460 

volumes at zero F.) per degree change in temperature, or 
1 

of their volumes at zero C. From the same line of 

273 

reasoning, by cooling a gas to — 460* F. or — 273" C, it 
would cease to exist. This theoretical point is called the 
absolute zero of temperature. All gases change to liquids 
or solids before this point is reached, however, and hence 
do not obey the law of contraction of gases at very low 
temperatures. The fact that air at constant pressure 
changes its volume almost exactly in proportion to the abso- 
lute temperature, T, (460 + t, where t is temperature Fahr- 
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enheit) gives a starting: point to be used as a basis for all 
air volume-temperature calculations. For instance, If a 
volume of 20000 cubic feet of air at 0* is heated to 70* 
with constant pressure, its volume after heatinir will be 
greater in the same proportion as its absolute temperature 

OB 530 

is greater; that is, = ; x = 23000 cubic feet, or 

20000 460 

an increase of 15 per cent. 

5. Gase and Absolute Pressures t — Gag'e pressure is the 
total pr^sure per square inch in a container minus the 
pressure of one atmosphere. Thus €5 pounds g'age pressure 
means that the container is carrying" 65 pounds pressure per 
square inch of surface above the pressure of the atmosphere. 
Atmospheric pressure at sea level, 14.696 commonly written 
14.7, is used on all but the most exact calculations. This 
pressure becomes less as the elevation rises above sea level. 
As a general statement it may be said that atmospheric 
pressure reduces % pound for each 1,000 feet above sea level 
(See Table 8, Appendix). The total pressure exerted within 
the container is therefore 65 + 14.696 = 79.696 at sea level. 
This total pressure is known as the absolute pressure and 
when stated in pounds per square foot of arfea is called 
specific pressure. 

6. Itteehanlcal Kqnlvalent of Heat: — By experiment it 
has been determined that if the heat energy represented by 
one B. t. u. be changed into mechanical energy without loss, 
it would accomplish 778 foot pounds of work. Similarly, one 
calorie is equivalent to 428 kilogrammeters of work. 

T. Latent Heat, Total Heat, Etc.t — Not all the heat 
applied to a body produces change in temperature. Under 
certain conditions the heat applied produces internal or 
molecular changes and is called latent heat. Thus in a nor- 
"fial atmosphere if heat is applied to ice at the freezing 
point, no rise of temperature is noted until all the ice is 
melted; and again, heat applied to water at the boiling 
point does not raise its temperature until all the water is 
changed to steam. The first is called latent heat of fusion, 
which for ice is 144 B. t. u. per pound; the latter is called 
latent heat of vaporization, which for water is 970.4 (Marks 
and Davis) B. t. u. per pound. For most calculations the 
approximate value 970 may be used. Consult books on ther- 
modynamics for further discussion of latent heat as com- 
posed of internal and external work equivalents. Sensible heat 
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is that heat whose addition or subtraction can be detected 
by a thermometer. As applied to the standard steam tables, 
this is equal to the total heat above 32" minus the latent 
heat of vaporization. Heat of the liquid, as applied to the 
standard steam tables, is that quantity of heat added to a 
pound of water at 32" to bring it to the temperature of the 
boiling: point at any given pressure. At atmospheric pres- 
sure this is 180 B. t. u. Total heat is that quantity of heat 
represented by the sum of the latent heat of vaporization 
and the heat of the liquid. In the evaporation of, water at 
atmospheric pressure this is 970.4 + (212 — 32) = 1150.4 
B. t. u. Total heat is different for all pressures at which 
evaporation takes place. Consult Art. 14 and Table 4, Ap- 
pendix, for latent heat, heat of the liquid and total heat at 
different pressures. 

Convenient approximate equations for latent heat and total 
heat are those quoted by Regnault. 

Latent Heat = 1092 — .695 it — 32) (3) 

where t =: temperature at which the steam is formed. 

Illustration. — The latent heat of steam at a temperature 
of 338° (pressure 100 lbs. gage) is 1092 — .695 (338 — 3?) = 
879.3 B. t. u. 

Total heat = 1092 + .305 (t — 32) (4) 

Illustration. — The total heat above 32** of the same steam 
as in previous illustration is 1092 4- .305 (338 — 32) = 1185.3. 

8. Specific Heatx — The specific heat of a substance is 
that quantity of heat added to or subtracted from a unit 
weight of the substance when its temperature is changed 
one degree. The mean specific heat is that quantity of heat 
added to or subtracted from a unit weight of the substance 
in changing through any given number of degrees, divided 
by the number of degrees change. For Illustration, the 
specific heat of water that has been considered standard for 
many years is obtained at the temperature of its maximum 
density, 39.1° F. (4° C). This is used in much of the physi- 
cal and scientific calculations, but in most engineering work 
the tendency is to take the mean specific heat between the 
temperatures of 32° F. and 212° F. (0° C. and 100° C), i. e., 
the heat required to raise one pound of pure water from 32° 
F. to 212° F. divided by 180. This is the same as the specific 
heat of water at 62° F. and agrees with the accepted value 
of the B. t. u. Table 26, Appendix, gives specific heats of 
xbstances. 
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0. Radiation t — Heat may be transmitted as a wave mo- 
tion in the ether of space. In this way the heat of the sun 
reaches the earth. Heat of this form, usually referred to as 
radiant heat, requires no matter for its conveyance; passes 
through some materials, notably rock salt, without changre 
or appreciable loss; and follows the laws for the radiation of 
light. It is assumed that the heat received by the atmos- 
phere is obtained through contact with the bodies giving 
and receiving heat and that little is obtained directly from 
the radiant ray. 

TABLE 1. 
Radiation Constants, Values of C 



Material C 

Glass, smooth 0.154 

Brass, dull 0.0362 

Copper, slightly polished 0.0278 

Lampblack 0.154 

Wrought-iron, dull, oxidized 0.154 

Wrought-iron, clean, bright 0.0562 

Cast iron, rough, highly oxidized 0.157 

Lirae plaster, rough, white 0.151 

Slate 0.115 

Gold plate, shining but not polished 0.082 

Clay 0.065 

The capacity that any body has of absorbing the radiant 
ray is called its abBorpUon capacity. Absolute black bodies 
theoretically absorb all the radiation received upon their 
surfaces and have an absorption capacity of 1. Bright or 
polished surfaces have a reduced absorption capacity. It is 
also understood that the radiation capacity is proportional to 
the absorption capacity. The amount of heat radiated by a 
substance is practically independent of the form of the sur- 
face and depends upon the difference of temperature be- 
tween the radiating and receiving surfaces, and upon the 
color and character of the surfaces. The Stefan-Boltzman 
radiation law states that for black bodies the radiating 
power is proportional to the fourth power of the absolute 
temperature of the body. For other than black bodies this 
law is also approximately true. Let R = area of radiating 
surface in square feet, U = B. t. u. radiated per hour, T = 
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absolute temperature of the substance, and C = a constant; 
then, H = CB iT -7- 100)*. For a dead black body C = .1618, 
Other values of O from Hutte are shown In Table 1. 

Assuming: in g:eneral that radiating^ surfaces for heating 
systems may be classified as black bodies, the amount of 
heat radiated from a surface R having an absolute tempera- 
ture T to surrounding: surfaces having: an absolute tempera- 
ture Ti is 

H = C R [iT -^ 100)* — (Ti -7- 100)*] 

Applications of the theoretical formula of radiant heat to 
practical problems In greneral g:ive very unsatisfactory re- 
sults. * 

10, Conductioni — This method of heat transmission Is 
very evident to the senses. If a rod of metal is heated at 
one end, the heat is transferred or conducted along the rod 
by molecular action. Conduction being essentially the way 
by which solids transfer heat, it is of special significance in 
the calculation of heat losses through the walls of a build- 
ing. The coefficient of conduction may be defined as that quan- 
tity of heat which passes through a unit thickness of 
substance in a unit of time across a unit of surface, the dif- 
ference of temperature between the two sides of the sub- 
stance being one unit of the thermometric scale employed. 
The amount of heat conducted through a material in a 
given time is directly proportional to the difference in temi- 
perature between the two parallel sides of the substance 
and inversely proportional to the thickness. As a formula 
// =: c/h (ti — tz) where c = coefficient of conductivity, h =i 
thickness of material in inches, and fi and ^2 = respective 
temperatures. Since the complexity of building construc- 
tions renders it impossible to reduce all conduction losses 
to losses per unit thickness of the structure, the term rate 
of transmission may be used instead of conductivity and may 
be understood to include combinations of conductivities and 
thicknesses. This may be illustrated by the ordinary 
framed and studded wall where K is the rate for the com- 
bination (See Chapter III). 

11. Convection: — Gases and liquids convey heat most 
readily by this method, which is fundamental with warm air 
and hot water heating installations. If it is attempted to 
heat a body of water by applying heat to its upper surface, it 
will be found to warm up with extreme slowness. If, ho'Wever, 
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the source of heat be' applied below the body of water, tt 
will be found to heat rapidly. What actually happens is 
this: water particles near the source of heat become lighter, 
volume for volume, than the colder particles near the top, 
and because of the change in density gravity causes an 
exchange of these particles, drawing the heavier to the bot- 
tom and allowing the heated and lighter particles to rise to 
the top thus forming circulation currents. This process is 
known as convection. It will not occur unless the medium 
expands upon being heated and unless the force of gravity 
is free to establish circulating currents. In the hot water 
heating system (Fig. 2), water rises by convection to the 
radiators, is there cooled and descends by the 
return circuit to the point of heat application 
completing the circuit. The warm air furnace 
installation works similarly, air, however, being 
the heat-carrying medium. 

12. Workt^Worfc is the overcoming of a resist- 
ance along a line of motion. It is the product of 
force and distance and is independent of time. 
Assuming the pound to be th6 unit of force and 
the foot to be the unit of^ distance, the unit of 
work is the foot-pound. To lift one hundred 
pounds one foot or one pound one hundred feet 
would cause the expenditure of one hundred foot 
pounds of work. 

13. Power* — Power and work are closely re- 
lated but are not identical. Power is the rate of 
doing work and always comprehends the element 

Fig. 2. of time. The unit of power, called horsepower, 

has no reference to the power of the horse nor to the boiler 
horse-power, but is an arbitrary value equivalent to 

1 horse-power := 

746 Watts = .746 K. W. 

33000 ft. lbs. of work per min. 

4562.4 kilogrammeters of work per min. 

33000 -^ 778 = 42.416 B. t. u. per min. 

4562.4 -T- 428 = 10.66 cal. per min. 

If 100 cubic feet of water, weighing 62.5 pounds per cubic 

foot, are lifted 100 feet per minute without friction loss, the 

horse-power Is (100 X 62.5 X 100) -r- 33000 = 18.94. 

The term boiler horse-poiver is equivalent to 34.5 poundr 
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of water per hour evaporated from water at 212" P. to 

steam at 212* F. This equals 970.4 X 34.5 = 33479 B. t. u. 

14. Application of Heat to Solids and I^lanl^a* — ^AU 

matter in its most finely divided state is made up of minute 
particles called atoms which are drawn tog:ether by a force 
called attraction. This attraction is lessened by the applica- 
tion of heat, the particles tending: to separate (substance 
increasing in size) until such a temperature is reached (a 
certain amount of heat is absorbed) when the attraction is 
zero. From this point further application of heat will cause 
repulsion and the particles will fly apart. This explains the 
existence of the three states of matter; solid, liquid and 
gaseous. No two substances act exactly alike upon the 
addition or subtraction of heat, but practically all sub- 
stances under certain conditions may exist in any one of 
the three states. The exact points of separation between 
the solid, liquid and g-as, differ very much in different sub- 
stances; but regardless of this fact, each substance no mat- 
ter what its state may be solidified by cooling or vaporized 
by heating. The amount of heat that may be carried by 
any substance in any given state is called its capacity for heat. 
When solids change in temperature they change in vol- 
ume in practically all cases, increasing with rise of tempera- 
ture and decreasing with fall of temperature. This fact 
many times causes considerable annoyance to any one manu- 
facturing or using materials of construction. Since all 
metals that enter into engineering construction are subject 
to sudden and sometimes very extreme changes of tempera- 
ture, it is frequently necessary to put in compensating de- 
vice's to account for such temperature changes. The steel 
framework of a building for example is subjected to ex- 
tremes of summer and winter temperatures, causing change 
in the building size. This change is small, but during the 
cold weather when the building materials have a slight re- 
duction in size, the steam pipes are under high temperatures 
and have their maximum size. During the summer when 
no heat is necessary, reverse conditions exist. In high 
buildings this change, is sufficient to demand compensators 
or expansion joints in the steam lines, otherwise there 
would be contact between the pipes and the building which 
might be sufficient to rupture some part. Like conditions 
exist in street mains (conduit lines), basement mains in 
buildings, horizontal connections between vertical risers. 
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rlBer connectlona between floors, boiler pipe connections, 
boiler settings In brtck work and In many other places 
Around the heatine Byetem of the average building. 

Sudden changes of temperature tn any material are to 
be avoided when puaslble. This Is especially true If the 
materlalB are fastened together with screws, bolts or rivets, 
such as boilers, heaters or piping systems. When heat la 
thus applied it Is always more intense at one place than at 
another and the expansion or contraction Is not unKorm, 
caueins unnecessary stresses and many times leaks and rup- 
tures. The force exerted by heat in expanding any substance 
la the same aa would be required to stretch the same sub- 
stance an equal amount by mechanical means or to compress 
the enlarged piece to its former size. 

When heat is applied to liguida. the phenomenon of ex- 
pansion is apparent as In solids. One notable exception Is 
found In water between 32° and 33.1° F. as will be seen 
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the periods of change of state, and the horizontal line at the 
base of the chart L'C represents heat units added. With LL^ 
representing the volume of a pound of ice at any tempera- 
ture (in this case 25** F.) heat is added and the temperature 
curve E rises to F. The quantity of heat added is found by 
multiplying: the pounds of ice (in this case 1) by the specific 
heat, which for ice is .504, and by the rise in temperature. 
The addition of .504 B. t. u. for each degrree rise between 
25" and 32" gives the ice (32 — 25) X .504 = 3.528 B. t. u. 
and brings it to the temperature of the melting point. While 
the temperature has been gradually increasing the volume 
has also increased slightly. See MM\ More heat is added 
and the ice begins to melt but the temperature does not 
rise as would be expected. It remains constant from F to O 
until all the ice has changed to water, as shown by the line 
MN\ In this change there has been a reduction in the vol- 
ume of the mass as shown by the dropping of the line MN. 
Notice that the volume of the water is taken as 1 and the 
volume of the ice at 32" as 1.09. This explains why water 
allowed to freeze in a pipe often causes the bursting of the 
pipe. The quantity of heat absorbed during the change of 
state from ice to water without change of temperature is 
found by experiment to be 144 B. t. u. per pound and is 
called the latent heat of fusion. Conversely, in the reverse 
change the same amount of heat would be given off. So far 
we have added to the pound of ice 3.528 -|- 144 = 147.528 
B. t. u. and have increased the temperature only 7 degrees. 
From this point ONN\ where the entire mass is water with a 
volume approximately equal to 1, the addition of heat causes 
a uniform rise in temperature along OA; also a slight de- 
crease in volume along MN to the point of maximum density 
39.1", where the volume NN' is 1, and from here a uniform 
increase in volume along NO until the temperature has risen 
from 39.1" to 212" and the volume has increased from 1 to 
1.034, with an addition of 212 — 32 = 180 B. t. u. To arrive 
at the state line AOD required the addition of 3.528 -|- 144 + 
180 = 327.528 B. t. u., and a total of 187 degrees change. 
At AOD a second change of state is encountered. 970.4 
B. t. u. (latent heat of vaporization) are now added to the 
pound of water without changing its temperature and the 
mass has a uniform change of state from water at 212" to 
steam at 212". When the temperature line reaches B the 
volume line of the water is at C, indicating that all the 
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water has become steam at atmospheric pressure and now 
occupies a volume DABC, 1650 times the volume of the water « 
that produced It (compare volume ABCD with small black 
volume D). The pound of ice has now received 327.528 + 
970.4 = 1297.928 B. t. u. and is in a state of steam at atmos- 
pheric pressure and 212® temperature. Any further addi- 
tion of heat to this steam without being in contact with 
water results in an increase of temperature along the line 
BK and the steam is said to be superheated. The quantity of 
heat added as superheat is found by multiplying the pounds 
of steam (in this case 1) by the specific heat and by the 
change in temperature. For steam the specific heat varies 
w^ith the pressure. A fair average value is .48. The heat 
absorbed for any degree of superheat may be added to the 
1297.928 B. t. u. thus giving the total heat between the two 
extremes of temperature and pressure selected. Ordinarily 
heating calculations refer only to saturated steam, i. e., steam 
in contact with water and superheating need not be con- 
sidered. 

By the use of Equations 3 and 4 and the steam tables 
compare results by filling in the blank table the values for 
steam at 10, 14.7, 50 and 100 pounds absolute pressure. 
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Three standard tables of properties of saturated steam are 
In greneral use, Marks and Davis, Peabody, and Goodenough. 
These tables check each other closely and any one may be 
recommended (Table 4, Appendix, is an extract from the 
first table). 

The following summary of directions for the use of any of the 
steam, tables gives specific equations for the solution of al- 
most any type of problem using any vapor table. With the 
nomenclature of Marks and Davis, we have: 
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FOR SUMMATION ABOVE S2» P. 



' 



Total Heat of 
Formation.... 

Intrinsic Heat 
of Formation 

£?xtermil Work 
of Formation 



If Quality 
is 100% 


If Quality 
\bX% 


If Superheat is 
D degrees 


// = /I -f L 


h-^- xL 


H -hCpD 


h + I 


h + xJ 


h + / + CpD—(Apu), 


(ApU)r 


ixApU)r 


(Apu)r + (Apu), 



FOR SUMMATION ABOVE SOME FEED TEMPERA- 
TURE = * 





If Quality 
is 100% 


If Quality 
is^% 


Total Heat of 
Formation 


H — ht or 
h -{- L — ht 


h + xL — ht 


Intrinsic Heat of 
Formation 


h + I — ht 


h -\- xl — ht 


External Work of 
Formation 


(Apu)v 


{xApu)v 



If Superheat is 
D degrees 



h 4- L + CpD — ht 



h ->r 1 + CpD — 
{Apu)» — ht 



iApu)r + iApu)» 



In these tables the subscript r refers to the condition of 
non-superheats, while the subscript « refers to the condition 
of superheat. In the term Apu, the value of .1 is 1/778, p = 
pressure in pounds per sq. foot and m is the increase in vol- 
ume in cubic feet undergone during the process in question. 
Some vapor tables, (notably Peabody's) contain columns of 
Apu worked out and tabulated while with the use of other 
tables it is necessary to calculate the values of the Apu terms. 
These tables emphasize those facts the neglect of which 
causes perhaps 90 per cent, of all steam table calculation 
errors, viz: 

X ca7inot affect, as a factor any steam table value 

except L, I, and (Apu)r. 
The vapor tables are summations above 32* F., and 
for heat summations above any other tempera- 
ture, correctiofi must be ma^. 
The external work available during formation is in- 
dependent of the feed temperature. 

15. Application of Heat to Gases t — Pressure- volume- 
temperature changes in gases may be found from ideal laws 
which apply with close approximation, or from actual law^s 
(modifications of the ideal laws) designed to fit actual con- 
ditions. The ideal laws are much more easily applied and 
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give results that are close to average practice; consequently, 
they are used in most engineering: calculations. Ideal laws 
are known as (1) The Law of Boyle or of Mariotte, (2) The 
Law of Charles or of Gay Lussac. 

Boyle's Law. — When the temperature of a given weight of gas 
is maintained constant, the volume and the pressure vary inversely. 
In many pressure-volume applications to gases the tempera- 
ture change is either zero or so small as to be of no serious 
moment. This law applies in such cases. Let P, Pi, Pg, 
etc., =z absolute pressures in pounds per square foot, and 
y, Vi, Vi, etc., = volumes in cubic feet at the respective 
pressures, then 

PV = Pi Vi = Pa Fg, etc. (5) 

In other words, at a constant temperature the product of 
any pressure with its respective volume is a constant quan- 
tity. Thus if 100 cubic feet of air at 14.7 lbs. absolute pres- 
sure be changed to 50 cubic feet without change of tempera- 
ture, the pressure will be (14.7 x 100) -j- 50 = 29.4 lbs. 
absolute, or 14.7 lbs. gage. 

Charles' Law. — ^When gases are heated, they react ac- 
cording to the Law of Charles; i. e., the volume of a perfect gas 
at constant pressure, or the pressure of a perfect gas at constant 
volume, is proportional to its absolute temperature. As before 
let P = absolute pressure in pounds per square foot, V = 
volume in cubic f^et, and T = absolute temperature, then 

PV PiFi P2V2 

= = , etc. (6) 

T Tx T2 

Referring to the first part of the definition of this law, let 
the temperature of a cubic foot of gas (take air for illus- 
tration at atmospheric pressure) be 32* F., if T = 32 + 

PY 

460 = 492, P = 14.7 X 144 = 2116.8 and V = 1, then = 

T 
2116.8 X 1 

■~ . Now if the temperature of the air is changed to 

492 

some other temperature Tx, say 100** F. at the same pressure, 

^^ Px Fi 

■~- = —  and, since Pi = P, the new volume is 

T Tx 

2116.8 X 1 560 560 

Ti =: X = = 1.14 y 

492 2116.8 492 

Referring to the second part of the definition of the same 
law, take a cubic foot of air at atmospheric pressure and 
32* P. and change its temperature to 100* F. while the vol- 
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ume remains constant at one cubic foot. Now, the pressures 
at constant volume are proportional to the absolute tem- 
peratures and 

i' X 1 Pi X 1 



492 560 

Pi = 1.14 P, specific pressure 
Pi = 1.14 p, pounds per square inch. 

General Equation. — The volume occupied by a pound of 
air at any given pressure and temperature (specific volume) 
is the reciprocal of its density at that temperature. At 32" 
F. and atmospheric pressure this is 1 H- .0807 = 12.391. Sub- 
stituting Ti = (32 -h 460), Pi = (14.7 X 144) and F, = 
12.391, in Equation 6 and reducing 

PV = 53.3 T (7) 

This is usually written PV = RT, where 12 is a constant 
which varies for different gases. In further study of this 
question, it is found that R represents the foot pounds of 
external work done when the temperature of one pound of 
gas is raised one degree at constant pressure. For air, as 
found above, it is 53.3. Having the value R for any gas and 
any two of the values P, V, or T, the third may be found. 
Note: in Equation 7 P and V must be specific pressure and 
volume, respectively. To illustrate, the pressure of one 
pound of air having a volume of 5 cubic feet and tempera- 
ture of 100° F. is P = (53.3 X 560) -r 5 = 5969.6 pounds 
specific pressure, or 41.5 per square inch absolute. Also, 
the volume of a pound of air having a pressure of 50 pounds 
per square inch absolute and a temperature of 60" is V = 
(53.3 X 520) -^ (64.7 X 144) = 2.97 cubic feet. 

16. Combustion of Fuels: — Fuels used for heat produc- 
tion are solid, liquid and gaseous, and contain carbon (C), 
hydrogen (//), oxygen (O), nitrogen (N), sulphur (8), and 
small amounts of water and ash. In combustion the most 
valuable of all of these constituents are carbon and hydro- 
gen. Fuels with high percentages of carbon and hydrogen 
(heat producing agents) and low percentages of ash and 
water are the most desirable. Coal is the universal fuel, 
although oil and gas are frequently used. Carbon burns to 
carbon dioxide (CO2) if supplied with sufficient air during 
combustion or to carbon monoxide (00) if the air supply is 
restricted. The greatest economy is found when CO2 is 
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produced. Hydrogen burns, forming water, and sulphur 
burns to sulphur dioxide (SO2). Oxygen in the fuel has the 
same effect as the oxygen of the air in supporting combus- 
tion. Nitrogen has no appreciable chemical action during 
combustion, but it absorbs heat and is thrown away, hence 
it tends to reduce the efficiency of the furnace. Water in 
tlie fuel has little chemical effect. It absorbs heat in being 
evaporated and superheated and passes off with the gases, 
causing small loss. One pound each of the above elements 
of the coal when completely consumed gives off heat units 
as follows: G to CO2 = 14600, C to 00 = 4450, CO to CO2 = 
10150, H to HzO = 62000 (frequently used 52000 to account 
for loss by evaporation and superheating), and 8 to fifOg = 
4000. 

As an illustration of the chemical changes taking place 
in a turnace when a fuel is raised in temperature suffi- 
ciently high that the combustible unites with the oxygen of 
the air and produces combustion, burn completely one pound 
of coal containing C = .78, H = .04, O = .03, N = .02, S = .02, 
^20 = .01, and ash = .10, and note the following points of 
interest: 

(A) Theoretical total heat of the fuel by equation. 

(B) Amount of air needed for complete combustion. 

(a) By analysis, (b) By equation. 

(C) Probable amount of air used for combustion. 

(D) Temperature of the furnace when only the theoret- 

ical amount of air is used for complete combus- 
tion. 

(E) Temperature of the furnace when the probable 
- amount of air is passed through the furnace. 

(F) Efficiency of the furnace. 

Theoretical Total Heat of the Fuel (A). — From the heat 

values given the following theoretical equation (Du Long's 

formula) has been compiled: 

O 

Total Heat = 14600 C + 52000 (H ) + 4000 S (8) 

s 
and when applied to the coal sample as stated gives 

.03 

Total Heat = 14600 X .78 -}- 52000 X (.04 ) + 

8 

4000 X .02 = 13353 B. t. u. Equation 8 is used when the 
chemical composition of the fuel is known. When this is not 
known, the total heat is found in the laboratory by the us 
of calorimeters. 
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M most furnaces combustion is not perfect. Part of the car- 
bon is burned to COj, giving- off 14600 B. t. u. per pound and 
part to CO giving off 4450 B. t. u. per pound. To find the 
heat value of the coal in such cases use a modification of 
Equation 8. 

Heat liberated = 14600 d + 4450 0^ + 52000 

O 
(flr ) -j_ 4000 8 (9) 

8 
where Ci and Cg = weights of carbon per pound of coal 
burned to COg and CO respectively. Suppose, for illustra- 
tion, that the carbon goes half and half to COa and CO, then 

the heat liberated is 14600 X .39 + 4450 X .39 + 52000 
.03 

(.04 ) + 4000 X .02 = 9395. Compare this with the 

8 
value obtained by Equation 8. 

« 
Theoretical Amount of Air Needed for Complete Combus- 
tion (B). — 

(a) Since the atomic weights (relative weights of unit 
volumes referred to H = 1) ot C = 12, H = 1, O = 16, ^ = 14. 
and 8 = 32, we have 

12 parts C unite with 32 parts O. (1 lb. C + 2.66 lbs. O = 

3.66 lbs. COa) 
12 parts C unite with 16 parts O. (1 lb. C -f 1.33 lbs. O = 

2.33 lbs. C) 
2 parts H unite with 16 parts O. (1 lb. H -f 8.00 lbs. O = 

9.00 lbs. HsO) 
32 parts 8 unite with 32 parts O. (1 lb. 8 -h 1.00 lbs. O = 
2.00 lbs. fifOa) 
from which may be found the oxygen required to unite with 
each element for complete combustion. From the coal 
analysis, 

.78 X 2.66 = 2.075 lbs. O for the carboTi 
.04 X 8.00 = .320 lbs. O for the hydrogen 
.02 X 1.00 = .020 lbs. O for the sulphur 



Total 2.415 lbs. O per lb. of coal 

Less .030 lbs. O already in the coal 



Net total = 2.385 lbs. O per lb. of coal to be taken 
from the air. Atmospheric air contains 23 per cent, oxygen 
by weight, hence it will require 2.385 -r- .23 = 10.37 pounds 
of air to completely burn the pound of coal if all the oxygen 
of the air is used. If 87 per cent, of the pound of coal is 
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combustible, then there are needed 10.37 -r- .87 = 11.91 
pounds of air per pound of combustible. 

Where combustion is not perfect the theoretical amount of 
air is not used. Assume as before that the carbon divides 
half and half, then we have 

For Oi, .39 X 2.66 = 1.036 

For Gi, .39 X 1.33 = .518 

For H, ,04 X 8.00 = .320 

For 8, .02 X 1.00 = .020 



Total 1.894 lbs. O 

Less .030 lbs. O in coal 



Net Total 1.864 lbs. O to be taken from 
the air. This makes 1.864 -i- .23 = 8.1 pounds of air per 
pound of coal burned. Compare this value with that for 
perfect combustion. 

(b) The equation usually quoted for the weight of air 
needed for perfect combustion is 

O 

W = 11.52 C + 34.56 (H ) + 4.32 S (10) 

8 
which for the assumed coal is IF = 11.52 X .78 + 34.56 
.03 

(.04 ) -f 4.32 X .02 =: 10.32 pounds. Compare with the 

8 
value by chemical analysis. 

Pbobable Amount op Air Used for Combustion (C). — There 
can be no exact value placed upon actual amount of air pass- 
ing through a furnace. The construction of the furnace, the 
type of grate used, the depth of the fuel bed, the quality of 
the fuel and the eccentricities of the fireman all influence 
the result. From tests tliat have been conducted upon vari- 
ous types of heating furnaces under varying conditions of 
service, it seems reasonable to assume that from two to 
three times as much air goes through the average furnace as 
Would be needed for perfect combustion. In the most up-to- 
date power plants excess air is reduced to small amounts. 

It is not possible in furnace operation to keep the air 
supply down to the theoretical amount without reducing the 
economy of the furnace. When the fuel bed is thick and the 
air supply reduced, the fuel will receive too small an amount 
of air and carbon will be burned to CO with a loss of 10150 
B. t. u. per pound. When the fuel bed is thin and the supply 
of air excessive, too much air will pass through the fir 
causing some of the carbon to pass off unburned and carrj 
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ing away heat unnecessarily by heating the excess air. 
(Read Technical Paper No. 137, Bureau of Mines, Washing- 
ton, D. C). Of the two alternatives it is better to have too 
much air than not enough, and some of this air should be 
admitted above the fuel bed. To illustrate the economy of 
excess air in practice, suppose the pound of coal just con- 
sidered is burned in a furnace where the entering: air is €0** 
and the stack gases are 600**. With the specific heat of the 
gases = .24 we find first, for perfect combustion with 
10.37 4- .9 = 11.27 pounds of stack gases, the pound of coal 
has available for boiler use (not counting radiation losses) 
13353 — [11.27 X .24 X (600 — 60)] = 11892.4 B. t. u. 
Second, if there is just enough air to burn the carbon to CO, 
there will be 6.8 pounds of stack gases and 5436 — [6.8 X 
.24 X (600 — 60)] = 4565 B. t. u. available. Third, with 2.5 
times as much air as is theoretically needed and all the car- 
bon burned to CO2, there will be 26.83 pounjds of stack gases 
per pound of coal and the heat available will be 13353 — 
[26.83 X .24 X (600 — 60)] = 9875.8 B. t. u. This shows a 
decided advantage in favor of excess air over a much re- 
stricted supply. Flue gas may be analyzed by the Orsat ap- 
paratus and such analysis used in determining the quality 
of the combustion (See Art. 17). 

Theoretical Temperature of the Furnace (D). — ^When per- 
fect combustion occurs, the theoretical total heat is given 
off. If it were possible to liberate this heat in a vessel per- 
fectly insulated, all the liberated heat would be used in rais- 
ing the temperature of the gases. The theoretical rise In 
temperature in such an ideal furnace would be 

theoretical total heat (B. t. u.) 

. tr = (11) 

pounds of stack gases X specific heat 

Applying to the coal sample above, tr = 13353 -7- (11.27 X 
.24) = 4946" F., and if the air enters at 60% the temperature 
of the furri.'ce is 4946 + 60 = 5006* F. 

Probable ''-«5MPErature of the Furnace (E). — Suppose 2.5 
times the th tical air is used in the furnace, then the 

probable temp, '^,/ure is 

13353 

t — 1- 60 = 2138*' F. 

26.83 X .24 

Radiation and other losses will reduce this value somewhat. 

Efficiency in Fur> ce Combustion (F). — There are five 

losses in fuel combustio •: (a) unburned combustible material 

that drops through the grate with the ash, (b) unburned 
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hydrocarbon particles that leave the chimney as smoke, (c) 
carbon burned to CO instead of CO2 by incomplete combus- 
tion, (d) excessive air supply, (e) radiation. These losses 
are apportioned about as follows: 

(a) (Estimated) 1 to 3 per cent, of total heat in coal. 

(b) (Estimated) 1 to 5 per cent, of total heat in coal. 

(c) May vary anywhere between 10 and 50 per cent. 

(d) May vary anywhere between 5 and 15 per cent. 

(e) (Estimated) 2 to 5 per cent. 

It will be seen by this that a large part of the original heat 
in the coal is not transferred through the heating surface 
of the boiler to the water, but is dissipated through the Ave 
channels just mentioned. 

Intimately associated with the combustion losses is the 
idea of furnace and holier efficiencies. The most important of 
these are grate efficiency, furnace efficiency an overall 
efficiency. 



Grate efficiency = 

weight (or heat value) of ascending com*bustible 
weight (or heat value) of combu^'^^'ole fired 



(12) 



If 2 per cent, of the coal drops thro the grate, this is 

(100 — 2) -^ 100 = 98 per cent. 
Furnace efficiency = 

heat available for absorption by boiler 

(13) 



heat value of combustible fired 

With perfect combustion of the entire pound of coal and 2.5 
times the required amount of air, this is 9875.8 -^ 13353 = 74 
P€/ cent. If there is a percentage loss through the grate, 
the value 9875.8 will be reduced by this amount. With imr 
perfect combustion, illustrated by the case where the carbon 
divides half and half to CO2 and CO, this is [9395 — 9 X .24 
(600 — 60)] -T- 13353 = 61 per cent. If the" j is a percentage 
loss through the grate, the value 9395 -.ill be reduced by 
this amount. «" 

heat absorbed'* .. .ater and steam 

Over-p.U efficiency = (14) 

heat value of combustible fired 

The heat absorbed by the water and steam is the heat valu*^ 
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of the combustible less all the losses. Suppose the losses in 
the sample are: 

throu§rh the srate, .02 X 13353 = 267.06 B. t. u.; 

unburned carbon (smoke), .03 X 13353 r= 400.59 B. t. u.; 

imperfect combustion, .20 X 13353 = 2670.60 B. t. u.; 

excessive air supply, .10 X 13353 = 1335.30 B. t.u.; 

radiation, .02 X 13353 = 267.06 B. t. u.; 

total losses. 4940.61 B. t. u.; 

then the over-all efficiency is (13353 — 4940.61) -r- 13353 = 
63 per cent. When the word efficiency is mentioned in con- 
nection with small power and heating plants, the overfall 
et]lci€n<'y is understood unless otherwise specified. The effi- 
ciency of the averagre boiler is 60 to 65 per cent., but efficien- 
cies as higrh as 75 per cent, may be found in continuous 
service in some of the better plants (For boiler operation, 
see Arts. 87 and 187). 

17. Fine Gas Analysis. — The quality of the fuel combus- 
tion in many plants is determined by the Orsat, or similar 
apparatus, which is used in obtaining an analysis of the flue 
g-ases &i^ volume as they leave the boiler. Values are found 
for CO2, CO and O. The CO2 varies from 6 to 17 per cent, of 
the total volume of the flue g-ases. Between 10 and 13 per 
cent, is considered good practice. CO is always found in 
small quantities, say from to .5 per cent. When excess air 
is less than 25 per cent., CO is probably forming in prohibi- 
tive amounts. With good combustion and 100 per cent, excess 
air (good boiler practice), there should be but a trace of CO. 
Free oxygen is always found where there is an excess of 
air. This percentage of O (0 to 15 per cent.) may be used to 
determine the amount of excess air. 

Of the three determinations made by the use of the 
Orsat apparatus, the CO2 and O determinations are consid- 
ered of greatest value. When carbon and oxygen unite to 
form carbon dioxide gas, it is found that with the same tem- 
perature and pressure the carbon dioxide occupies the same volume 
o« the oxygen entering into the combination. Assuming perfect 
combustion (no carbon monoxide) and just enougrh air to 
supply the oxygen, the resulting gas volumes will be 21 per 
cent. CO2 and 79 per cent. 1^. A test with the Orsat in this 
case should show 21 per cent. CO2, per cent. CO, and per 
cent. O. Again, assuming perfect combustion and an excess 
of air (say 100 per cent.), one-half of the oxygen of the air 
is used for the COn and the Orsat should show 10.5 per cent. 
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CO., 10.5 per cent. O, and per cent. CO. That is to say, the 
sum of the COo and O percentagres will be 21 per cent., the same 
as the origrinal oxygren volume. Agrain, assuming imperfect 
combustion and a certain amount of CO, it is found that 
icith the same temperature and pressure the carbon monoxide occu- 
pies twice the volume of the oxygen entering into the combination 
and the resulting: stack grases have a largrer volume than the 
entering air by one-half of the percentage of CO present. 
With high percentages of CO this change in volume would 
need to be taken into account. In all ordinary cases, how- 
ever, it is satisfactory to consider the stack gases as 79 per 
rent. A' and the remaining 21 per cent, composed of COo, CO 
and 0. 21 per cent. CO2 shows the highest possible efficiency, 
i- e., no excess air and perfect combustion. This is never 
obtained in practice. Any value of COn less than this indi- 
cates (1) excess of air, if no CO is present; (2) deficiency of 
air, if CO is present and no O; (3) improper mixture in the 
combustion chamber, if both CO and O are present. 

Computations to find the relation between weights of fhie gas 
ind entering air are sometimes complicated by the necessity 
of changing from weights to volumes and vice versa. Vol- 
ume readings of the Orsat are generally used directly in 
terms of the densities of the gases since, as above stated, 
equal volumes of the gases at the same temperature and 
pressure contain the same number of molecules. Use the 

equations ^^ ^.^^ + 32 Oo + 28 (CO + N) 

W - X Ci (15) 

12 (CO2 + CO) 

Where H' = weight of flue gas in pounds per pound of coal, 
^1 = percentage of carbon in the coal, and the other symbols 
repre.sent percentages of each as shown by the Orsat. 'S is 
found by differences i. e.. 100 — (TOo + CO + O). For infor- 
mation on the use of the Orsat apparatus see very excellent 
'^j'planation in "Coal," by Somermeier. 

Application (1). — Coal, having a composition as stated 
•n Art. 16, is being burned in a furnace w^ithout loss through 
the grate. Samples of the flue gas show 12 per cent. COn 
and 9 per cent. O. What is the weight of flue gases per 
pound of coal burned? Compare this value with the the- 
f'rctical amount of air as in Art. 16 (B) and note the extess 
supplied. From Equation 15 

44 X 12 + 32 X 9 + 28 X 79 

W = X .78 =r 16.4 

12 (12 + 0) 
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Excess air =: 16.4 — 10.37 = 6.03 pounds. Where a grate 
loss is known to exist, Ci should be corrected by this 
amount. Thus for a 2 per cent, loss, Cx = .98 X .78 = .764. 
Application (2). — Coal as in application (1); 2 per cent, 
loss through the grate; 8 per cent. COa; 12.5 per cent. O; .5 per 
cent. CO. Find the weight of stack gasfes and excess air per 
pound of coal. 

44 X 8 + 32 X 12.5 -f 28 (.5 + 79) 

W = X .764 = 22.3 

12 (8 + .5) 

Excess air = 22.3 — 10.37 = 11.93. 



^ 



CHAPTER II. 



AIR COMPOSITION — VENTILATION — HUMIDITY — DRAFT. 



18. Compoaltion of Atmosphertc Alrt — The subject of 
ventilation in its relation to health should be introduced by 
a brief consideration of the properties of the air supplied. 
Air is a very important factor in buildingr economy. In addi- 
tion to its value as a heating medium it determines in a 
raariced deg-ree the health of the occupants of the buildingr. 

The human body may be considered a well equipped and 
very complex power plant. As the carbon, hydrogen, and 
oxygen in the fuel and air supply in any mechanical power 
plant are consumed In the furnace, the resulting heat ab- 
sorbed In the generating system and finally turned into 
^ork through the attached mechanisms; so the human body 
absorbs heat from the combustion of food and turns it Into 
work. The products of combustion in both cases are largely 
carbon dioxide and water. The chief requisites of the 
mechanical plant are good fuel, well regulated draft and 
efficient stoking. Similarly, the human body needs good 
'ood, pure air and healthful exercise. Of the three require- 
ments all are of the utmost importance, but the second has 
probably the greatest significance, since no person can long 
^eep In health with impure air, even with the best of food 
and a sufficient amount of exercise. 

In Its simplest analysis air is made up of two elements, 
oxygen and nitrogen, in the volume ratio of 20.9 to 79.1 and 
* density ratio of 23.1 to 76.9, respectively. In a complete 
analysis of pure air a number of other elements and com- 
pounds are found, making a mechanical mixture that is 
somewhat complex. Most air samples show traces of carbon 
monoxide, hydrogen sulphide, ozone, argon, compounds of 
ammonia, and compounds of nitric, nitrous, sulphuric and 
sulphurous acids. The heating and ventilating engineer, 
however, is Interested chiefly in the amount of oxygen, 
moisture and carbon dioxide present. Air taken from the 
open country and not contaminated with the poisonous gases 
or the dus* and refuse from cities has the following com 



36 HEATING AND VENTILATION 

position according to Professor Carpenter, Heating* and 
Ventilating Buildings (See also Encyclopedia Britannica. 
Respiration). 

Oxygen Per cent, of volume 20.26 

Nitrogen " " " 78.00 

Moisture " " " 1.70 

Carbon dioxide .04 

These values are fairly constant, except that of the moisture 
which may vary /rom 0-|- to 4 per cent, of the entire weight 
of the air. 

Experiments have shown that normally pure air in the 
process of respiration when exhaled from the lungs of the 
average person has 

Oxygen Per cent, of volume 16 • 

Nitrogen " " " 75 

Moisture " " " 5 

Carbon dioxide " " " 4 

Comparing these values with those for pure air, oxygen is 
reduced one-fifth, nitrogen is reduced one twentsT-flfth, vapor 
is increased three times and carbon dioxide is increased one 
hundred times. Oxygen has been consumed in its union with 
the excess carbon and hydrogen in the human body and is 
given off as carbon dioxide and water vapor. It may be 
seen from these ratios, that the gradual reduction of the 
oxygen content and the very rapid increase of CO2 with Its 
accompanying impurities soon render unfit for use the air 
in any building occupied by a number of people. To avoid 
this state of affairs, fresh air should be supplied continu- 
ously and at such points as will provide the most uniform 
circulation. 

19. Oxysen and Nitroi^ent — Oxygen fills about one-fifth 
of the volume in atmospheric air and is the element that 
makes combustion possible. The other four-fifths of the 
space is filled with nitrogen. In a providential way this 
nitrogen acts with the oxygen to control the rapidity w^ith 
which combustion takes place. Nitrogen seems to have little 
effect upon respiration, except to retard chemical action. If 
one were to attempt to live in an atmosphere of pure oxy- 
gen, the chemical action taking place through the lungs 
would be so rapid that the human body would not be able 
to maintain it. 

20. Carbon Dioxide t — The amount of COo in the air is 
used as an index to the purity of the air. It is not consid- 
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ered a poisonous gas. It has slight taste and odor, but no 
color. It is found in many natural waters and manufac- 
tured beverages, the chief one being "soda water," which is 
made by forcing carbon dioxide into water under pressure. 
The real action of CO2 when taken into the lungs is not well 
known. It has the effect of producing physical depression 
and where found in sufficient quantity will even cause death 
by suffocation, very similar to submergence in water. What- 
ever its effect upon human life may be, its presence in any 
room used for habitation (assuming no open fires or gas jets 
in the room) is an indication of the lack of oxygen and an 
excess of impurities thrown off by respiration. Good coun- 
try air has 4 parts CO2 In 10000 parts of air and room air 
should never be allowed to have more than 8 to 10 parts in 
10000 parts of air. It becomes the duty of the heating engi- 
neer therefore to provide pure air in sufficient quantities, to 
enter and withdraw the air from the room in a manner such 
as will not be uncomfortable to the occupants and to keep 
the air fairly uniform in quality throughout the room. Car- 
bon dioxide is 52 per cent, heavier than air of the same tem- 
perature and therefore has a tendency to fall. Exhaled air, 
however, has excessive moisture, has a temperature much 
higher than that of the room air and is 2 to 3 per cent, 
lighter than when inhaled. Its tendency to rise neutralizes 
the excessive density of the 002 and as long as the air is 
absolutely quiet, results in a fair diffusion throughout the 
room air. In large audience rooms the heat given off from 
the occupants is sufficient to. cause strong currents which 
carry this impure air to the upper part of the room. A care- 
ful study of the physical conditions within inhabited rooms 
shows that the location of the had air zone may be anywhere 
from the floor to the ceiling, depending upon the room vol- 
ume (large or small respectively) allowed per inhabitant 
and the rapidity of air movement in the room. In investi- 
gating air conditions, tests for CO2 should be made in all 
sections of the room. Tests conducted at the breathing line 
represent living conditions for the inhabitants. In residence 
work air is usually entered and withdrawn at the floor line, 
lu large plants where the air circulates by mechanical 
means, it usually enters above the heads of the occupants 
and is withdrawn at the floor line. Some engineers advo- 
cate the updraft system with the air entering near the floor 
and lesLVing at the ceiling. In the latter case ventilation is 
simplified but heating is made very expensive. 
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A method of determining the percentage of carbon dioxide in 
the air, based upon the fact that barium carbonate is nearly 
insoluble in water, may be performed as follows: provide 
eleven bottles with rubber stoppers having: two holes each 
and connect them continuously by grlass and rubber tubing, 
so that if suction be applied at the first bottle of the series 
air will be drawn in at the last of the series and the same 
air will be passed through all. In this way a sample of the 
air to be tested may be drawn into each bottle. The capac- 
ities of the bottles in ounces must be respectively, 23%, 18%. 
16%, 14, 9%, 7%, 5%, 4, 3%. 2% and 2. These may readily 
be prepared by partially filling with paraffin. Into each 
bottle is then placed % ounce of a 50 per cent, saturated 
solution of barium hydrate (Ba(OH)2). Air to be tested 
is drawn througrh the system until all the bottles contain a 
fair sample. Each bottle is then thoroughly shaken, so that 
the liquid may be brought into good contact with the air 
sample. If the least turbidity or cloudiness appears it indi- 
cates 

First or largest bottle, 0.04 per cent. C0» 



Second bottle, 


0.06 


Third 




0.07 


Feurth 




0.08 


Fifth 




0.10 


Sixth 




0.15 


Seventh 




0.20 


Eighth 




0.30 


Ninth 




0.40 


Tenth 




0.60 


Eleventh 


t £ A 


0.90 



<4 



«« 



<« 



** 



« 



tt 



«( 



The glass tubes should extend no farther than the bottom 
of the stoppers. Fig. 4, a, shows four of the bottles and 
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Fig. 4. 



(b) 
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their connections. To illustrate, suppose that the air of a 
room was tested and that in the first, second, third, fourth, 
fifth and sixth bottles the liquid became turbid after vigor- 
ous shaking*. Such room air would have contained 0.15 per 

m 

cent, carbon dioxide and would have been considered quite 
unfit for breathing. 

A second, less cumbersome method of testing for the per- 
centage of carbon dioxide is shown in Fig. 4, h. A bottle of 
about 6 ounces capacity is fitted with a rubber stopper hav- 
ing two holes. Through one hole a glass tube is brought 
from the bottom of the bottle and to the outer end of this 
tube is connected a valved bulb similar to those found on 
atomizers. Into the bottle are placed 10 cubic centimeters 
of a solution made by dissolving .53 gram of anhydrous 
sodium carbonate iNa2COs) in 5 liters of water and adding 
.01 gram of phenolphthalein. The water used must have 
been previously boiled for at least one hour in an open ves- 
sel. With the apparatus so prepared, squeeze the bulb, thus 
forcing air from the room through the liquid and into the 
bottle. The open hole in the rubber stopper is then closed 
with the thumb and the bdttle vigorously shaken. Then 
another bulb- full of air is injected and the bottle again 
shaken. This process is continued and the number of bulbs 
of air noted until the red color of the solution, due to the 
phenolphthalein, disappears. This number of bulb fillings 
when referred to a table (Similar to Table II) prepared for 
this particular apparatus, is indicative of the purity of the 
air. After such an apparatus is completed it must be cali- 
brated before being used. This is done by obtaining the 
number of bulb fillings of pure country air necessary to clear 
the liquid, which will usually vary from 40 to 70. The table 
for use with this special apparatus may be obtained by pro- 
portion from Table II, in which the number of bulb fillings 
of country air is 48. If now with the new apparatus it is 
found that 60 bulb fillings are required to clear the liquid, 
the proportionate table would be made by multiplying the 
number of bulb fillings given below by the ratio of 60 -^ 48, 
or 5 to 4. It is injportant that the bulb be compressed the 
same amount for each filling, and that the shaking of the 
bottle and contents be continued the same length of time 
after each filling, to obtain uniform results. The Wolpert 
Air Tester, a commercial apparatus, may be obtained for 
this line of testing. 
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TABLE II. 



48 


.030 


40 


.038 


35 


.042 


30 


.048 


28 


.049 


26 


.051 


24 


.054 


22 


.058 


20 


.062 


19 


.064 


18 


.066 


17 


.069 


16 


.071 



Fillingrs Per cent. COa Fillings Per cent. COs 

15 . .074 

14 .077 

13 .080 

12 .083 

11 .087 

10 .090 

9 .100 

8 .115 

7 .135 

6 .155 

5 .180 

4 .210 

3 .250 



The methods just mentioned for determining CO2 are 
fairly satisfactory in obtaining quantitative values from 
which the quality of the ventilating air in any system may 
be judged. If exact percentages of CO, CO2, O and N are re- 
quired, the Pettersson-Palmquist, the Orsat, or similar ap- 
paratus must be employed. For descriptions of these see 
Stillmans' Engineering Chemistry, Carpenter's Heating and 
Ventilating Buildings, Hempel's Gas Analysis, translated by 
Dennis, Abady's Gas Analyst's Manual, and Somermeier's 
Coal. 

21. Amount of Fresh Air Needed per Person t — The need 
of a continuous supply of fresh air in residences and busi- 
ness houses can scarcely be overestimated. Health is the 
greatest of all blessings and pure air is essential to health. The 
most convincing argument that can be presented on this 
point is an analysis of the vital statistics of the country 
covering a large number of years. Persons afflicted with 
•respiratory diseases are recommended by the medical fra- 
ternity to seek a high, dry, sunny climate and live in the 
open air. The rarefied atmosphere causes continuous deep 
breathing, which exercise in itself has a tendency toward 
strengthening the afflicted parts and throwing off disease, 
and the dry air probably serves the lung tissue as a cleanser 
as the blotter does the page of wet ink. These condi- 
tions, in connection with the sunshine which is one of our 
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best germicides, form the only known remedy for combating 
such diseases. It is a safe conclusion that the element of 
pure air which enters so largely into the overcoming of the 
disease, once it is contracted, is one of the best preventives 
as well. Statements are made (occasionally in the technical 
press) that respired air is not harmful and that satisfactory 
ventilation may be had in inhabited rooms with much less 
fresh air than that usually allowed. The first of these two 
statements has never been proved. On the contrary the cir- 
cumstantial evidence of the impurity of respired air Is fairly 
conclusive. The second may be true for ventilating systems 
where the air supply is subdivided into small amounts and 
carried directly to the person (See experiments by Professor 
Bass at University of Minnesota, Trans. A. S. H. & V. E., 
Vol. XIX, p. 328). Applications such as this, however, can 
not be regarded as touching general practice. 

The average adult, when engaged in ordinary indoor 
occupations, will exhale about 20 cubic inches of air per 
respiration. He will also have 16 to 24 respirations per 
minute, totaling 400 + cubic inches or, say .25 cubic foot of 
air per minute. Allowing 4 per cent. CO2 in respired air the 
average person will exhale 60 X .25 X .04 = .6 cubic foot 
CO2 per hour. This is constantly being diffused throughout 
the air of the room. If the carbon dioxide and other impur- 
ities could be disassociated from the rest of the air and ex- 
pelled from the room without taking large quantities of 
otherwise pure air with them, the problems of the heating 
and ventilating engineer would be simplified, but this cannot 
be done. Rapid diffusion of respired air throughout the room 
renders it necessary to dilute the room air with fresh air in 
order that the purity may be maintained at a safe value. 
Ideal conditions are found when interior air is as pure and 
refreshing as that of the open country, but the mechanical 
diCficulties around such a ventilating system would be so 
great as to render it prohibitive. The standard of purity 
which should be aimed at, and which may be obtained with 
a first-class system, is .06 of one per cent. CO2, i. e., 6 parts 
of COi in 10000 parts of air. Systems maintaining constant 
ventilation at 8 parts in 10000 are considered satisfactory. 
Stated in a simple form for calculation, let 0' = cubic feet 
of atmospheric air needed per hour per person, A =• cubic 
feet of COz given off per hour per person, n = standard of 
purity to be maintained (allowable parts of COa in 10000 
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parts of air), and p =r standard of purity in atmospheric 
air, say 4; thon 

g' = (16) 

n — p 

To maintain constant ventilation at 7 parts CO2 in 10000 
parts of air, with pure air at 4 parts in 10000, we have C = 
.6 -f- (.0007 — .0004) = 2000 cubic feet of air per hour. Based 
upon .6 cubic foot of COa exhaled per person per hour. Table 
III srives the amount of air needed to maintain constant ven- 
tilation at the various standards of purity. 

TABLE IIL 
Cubic Feet of Air per Person per Hour. 



fl 


A. 


Q 


6 


.6 


3000 


7 


.6 


2000 


8 


.6 


1500 


9 


.6 


1200 


10 


.6 


1000 



It should be understood that no hard and fast rule can 
be given for the air requirement per person. This varies 
with the physical development and occupation of the indi- 
vidual, but it varies in a greater degree with the state of 
the person's health and the sanitary value of his surround- 
ings. In general, the average adult subjected to average in- 
door conditions requires 1800 cubic feet of fresh outdoor air per 
hour. Stated as an equation, the amount of air needed for 
ventilation is Q' = 1800 N, where N = the number of people 
to be provided for. 

The amounts of air in cubic feet per person per hour 
given in Table IV, may be considered good practice for the 
various classes of service. 

TABLE IV. 



Hospitals, Ordinary 


2000-2500 


" Surgery 


2500-3000 


Epidemic 


5000-6000 


Workshops, Ordinary 


1800-2000 


" Unhealthy trades 


3000-3500 


Schools, Offices, Prisons 


1800 


Theaters. and Assembly Halls 


1400-1800 
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One ordinary gas flame of 16 to 20 candle power, using: 
4 to 5 cubic feet of gas per hour, will vitiate as much air as 
four or five people. Where many open flame gas lamps are 
used, this fact should be taken into account. 

22. Ventilationt^— Ventilation is the art of maintaining in- 
terior atmospheres at a comfortable temperature and humidity, and 
a purity approaching that of open country air. Such a standard 
may be regarded absolutely safe by any one. To accomplish 
this, large amounts of fresh air should be introduced to the 
building and distributed so the occupants will not be sub- 
jected to unpleasant drafts. Fans placed in the rooms to 
circulate the air make the room atmosphere more habitable 
on a warm day, but this process should not be mistaken for 
ventilation. The mere process of fanning the air does not purify it. 

Air may be tested for bacteria and micro-organisms by 
exposing specially prepared gelatine plates or tubes to the 
air of a room a certain length of time, say five or ten min- 
utes, permitting the organisms to germinate and counting 
the colonies. (See Report of. Ventilation Division, Chicago 
Health Dept., Page 57, Vol. XX. Trans. A. S. H. & V. E.) 
Such tests are most satisfactory but require considerable 
care in application and are not generally used. The COa 
test mentioned in Art. 20, while not a direct equivalent, is 
simpler and is generally employed. In testing the quality 
of room air by any method it is well to call attention to the 
fact that the ordinary running conditions of any room can- 
not absolutely be determined by a single test. Trials should 
frequently be made and records kept. Upon one day atmos- 
pheric conditions may be favorable and tests may show a 
small amount of impurity. On other days when the condi- 
tions are not as favorable impurities may be found in large 
Quantities even though running conditions seem to be dupli- 
cated. Further, if the only requirement governing the ven- 
tilation of buildings is that a satisfactory CO2 test be 
passed, there is great danger of overrating or underrating 
the ventilating system of the building. A safe method in rat- 
**»Sf ventilating systems is to require a minimum air supply in addi- 
tion to a maximum permissible percentage of CO2 at the breathing 
'<»e. For further study of this subject, see recommendations 
^y the American Society of Heating and Ventilating Engi- 
neers, Jour. Apr. 1916, p. 91. Also Trans. A. S. H. & V. E.. 
Vol. XXII, p. 43. 

23. Air Purlllcatlont — ^Air contains dust, fine particles 
of mineral and animal matter, bacteria, and micro-organism 
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•held in mechanical suspension. The more heavily chargred 
with these impurities ventilating: air becomes, tlie more dan> 
ererous it is to the human system. Most materials held in 
mechanical suspension may be removed by filtering (passing: 
throui:h fine cloth screens) or hy -washing (passing: througrh 
films or sprays of water). Filtering: and washing: systems 
are beneficial in all cases and are necessities in many. Fil- 
ters cost less to install and operate, but they occupy larger 
transverse areas and are not as effective as the washing: 
systems. Washing: air removes most of the mechanically 
suspended particles but it does not necessarily eliminate 
chemical impurities, bacteria and the like. The location of 
the air supply intake to a building: carries with it a g:reat re- 
sponsibility. Air supplied to a building: should always be 
taken from the purest source possible, and when this supply 
is known to be bad it should be thoroug:hly washed before 
sending throug:h the ventilating: system. 

References. — Trans. A. 8. H. <£ V. E. Studies In Air Clean- 
liness, Vol. XXI, p. 211. The Problem of City Dust, Vol. XXI, 
p. 225. 

Ozone is considered by some to be effective as an air 
purifier. It is an unstable form of oxyg:en probably contain- 
ing: a greater number of atoms per molecule and is formed 
by passing: air throug:h a highly charged electrical field. Be- 
cause of its instability as a substance, it readily breaks up 
and becomes more active as an oxidizing agent than oxyg:en 
itself. In its decomposition a part becomes oxygen and the 
balance is said to enter into combination with substances in 
the air, thus cleansing the air from these substanceis. 
Two claims are made for ozone. The first is that it is a puri- 
fier, the second that it is a deodorizer. The first has not been 
proved satisfactorily, but the second is substantiated by 
many proofs. Ozone without doubt conceals odors, but it is 
not known if the substances producing the odors are ren- 
dered harmless to the human body. 

References. — Trans. A. 8. H. & Y, E. An Experiment with 
Ozone as an Adjunct to Artificial Ventilation at the Mt. Sinai 
Hospital, N. Y. C, Vol. XXI, p. 256. Air Ozonation, Vol. XX, 
p. 337. Ozone and Its Applications, Vol. XIX, p. 128. H. <£ T. 
Mag., Ozone, July, 1914, p. 16. 

24. Moisture fvlth Air: — Moisture in the atmosphere 
affects the comfort of the occupants as well as the efficiency 
of the heating and ventilating system in any room. With 
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moisture In the room a. person niB.y feel camfortable when 
Ihe temperature Is several degrees lower than the, comfort- 
able temperature of dry air. A dry atmosphere takes up 
moisture from the room furnishings and from the skin sur- 
■ct of the oocupants. The vaporization of moisture from 
e skin causes a loss of heat from the body and gives to 
e person a sense of cold which la relieved only when the 
temperature of the room is increased. An atmosphere that 
is fairly saturated with moisture demands little evaporation 
the skin, In which case the body retains its heat and 
rson has a sensation of warmth which Is relieved only 
ly lowerlngr the temperature o( the air of the room. At low 
temperatures moisture In the atmosphere chills the surface 
i skin by actual contact. This Is not as noticeable 
the air is, dry. It follows from (he above statements 
he range of colntortable temperatures Is less for moist 
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"ir (han for dry air. The Chicago Commission on Ventila- 
tion, under the direction of Dr. E. Vernon Hill, developed a 
series of curves from a large number of tests, showlngr the 
fiest relation between the relative humidity and the comfort- 
able temperature in a room (See Trans, A. S. H. & V. B., page 
Wp Vol, XXIII). The curves In Fig. B, are plotted from a 
summary of these tests. It will be noted that the condition 

">ry as that of 70° and 35 per cent, humidity. 
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In addition to Its efTects upon the human body, moisture 
In the atmosphere has the quality of storlnB convected beat. 
It IB thus a better heat carrier than dry air and 1b a benefit 
to the heating and ventilating syBtem In any building. 



RKrBRBNCBS. — IS. 

Purpose of Ventlli 
Humidity and Hous 



Iff. The Primary Physiological 
pt. 191J, p. 3B. Setal Worter. 
:lon Explained. Jan. 24, 1S13, p. 
1E9. Trant. A. 3. B. A V. E. The Recirculating of Air In a 
School Room Id Minneapolis, Vol. XXI, p. 109. Relative 
Humidity, Vol. XVIII, p. 10«. 

20. Uumltttrt— Absolute ftumtdity Ib the 
amount of moisture mixed with the air at 
any temperature, expreeaed In grains or In 
pounds per cubic foot. Relative humidity Is 
the ratio of the amount of moisture actu- 
ally with the air divided by the amount of 
moisture which the same volume could 
hold at the same temperature when satu- 
rated. The temperature of any air at 100 
per cent, saturation (100 per cent, relative 
humidity) l9 called the dew point. Relative 
humidity la obtained by using wet-and-dry 
bulb thermometers or by any one of a num- 
ber of hygrometers supplied by the trade. 
The wet-and-dry bulb hygrometer has a 



mple 






e rally 



■d. Having given two thermometers 
Pig. a. (Fig. e) let one register the temperature of 

room air and the other, kept wet by a cloth which covers 
the bulb and projects into a vessel fllled with water, a tem- 
perature below that of the room air. If the air Is saturated 
-mometers will record the same temperature. It 
<t saturated the thermometer readings will differ 
> the humidity. It will be readily seen that the 
the mercury In the wet thermometer Is due to the 



extraction of the heat from the yi 
; the moisture from the bulb t 



mn In vaporli- 



!t the mercury find a constant level 
note the difference In temperature 
In Table !2, Appendix, at this difference 
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>nd at the room temperature read oft the relatlvt humidity. 
Having found the relative humidity take from Table 13, 
Appcndli, the amount of moisture with saturated air at the 
leiDperature recorded by the dry thermometer (absolute 
humidity at saturation). Multiply this by the relative 
liuniidlty found and the result la the absolute humidity at 
111* given relative humidity, 1. e., the actual amount of 
moisture with the air per cubic foot of volume. 



ApELiCATioN. — Room air, 70"; difference In readings. 6°. 
'■'rom Table 12. the humidity Is 72 per cent. From Table 13, 
■^o'. 1. .72 X ,001153 = ,0008S pounds (6,81 grains) per cubic 

designed giving the relative 
3, Fig. 7, commonly known as 
"'e hVSTodBik, shows such an Instrument. To And the rela- 
tive humidity swing the index hand to the left of the chart 
aim adjust the sliding pointer to that degree of the wet 
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Beets the curved line extendlns down- 
ward to the left from the degree of the 
dry bulb thermometer scale indicated 
by the top of the mercury column In 
he dry bulb tube. At tha.t ii 
idex hand will point t 



of t 



Idlty 
le chai 



the s 



t the ti 



by the wet bulb ther- 
mometer be «0° and that of the dry 
bulb TO*, the index hand will indicate 
a humidity of BE per cent, when the 
pointer rests on the intersection of the 
B0° wet bulb and 70" dry bulb lines. 



The 



t in 



I general i 



lii a wet 


and-dry bulb outfit pivoted to 


r 


in such a way that the ther- 


B mometer 


may be revolved through the 


1 U a'^ '►>- 


causing a circulation of air 


FiB.B. over th 


m The wet bulb projects 


beyond the dry bulb and 


s covered with a fine mesh 


cloth. This cloth is diiiped in 


to distilled water and the ay- 


paratus revolved. Read the 


mercury level frequently and 




mometer at the time the mer- 


cury in the wet bulb la at Its 


lowest level. For accur-ile vork 


tht tUcrmomcters should mitl a 


urrciit of nir o/ approximately JS 


feet por aecojiil. aci;ording to g 


vernment recommendation. 



7able 12, Appendix, reprcKcnts U. S, Weather Bureau 
d is used as a reference In this book. Bxperi- 
ments by Mr. Wtllis H. Carrier, presented in a paper to the 
American Society of Mechanical Engineers In 1911. show 
humidities difterinB somewhat from Table 12 (See "Psychro- 
metrlc Charts" following Table 14. Appendix). 

Z». Humidity Chart 1 — Por close approximations the 
humidity chart <Fig. ») may be used in determining relative 
humidity, absolute humidity, dew point, temperature of wet 
bulb and temperature of dry bulb. On the left o( the chart 
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 left, unites with th 
iecond: the abaolut 
nith the dry bulb a 
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is a scale referring: to horizontal lines grivingr temperatures 
of the wet bulb. The scale on the rigrht, referring: to the 
lines curving: downward from rlg:ht to left, is the tempera- 
ture scale of the room, or dry bulb temperature. The scale 
along: the bottom of the chart g:ive8 the relative humidity. 
The scale of numbers up the center of the chart refers to 
the lines curving: downward from left to rig:ht and indicates 
absolute humidity. For illustration, assume a dry bulb tem- 
perature of 70* and a wet bulb temperature 60*, and find 
relative humidity, absolute humidity and temperature of the 
dew point. Starting: on the rig:ht hand scale at 70, follow 
down the room temperature curve until it crosses the hori- 
zontal line of 60" wet bulb temperature. From this intersec- 
tion drop to the relative humidity scale and read there 55 
per cent. To obtain the absolute humidity trace up the rela- 
tive humidity line to its intersection with the 70* abscissae 
(horizontal line throug:h 70*) and obtain 4.4 g:rains per cubic 
foot. If the room air should drop in temperature, the abso- 
lute humidity would remain the same until the dew point is 
reached (neglecting: air contractions). Tracing: down the 
4.4 g:rain line to 100 per cent, relative humidity g:ives the 
room temperature 52*. This shows that if so cooled the air 
beg:ins depositing: moisture at this temperature. If the tem- 
perature of the room air should increase to 90*, the relative 
humidity may be obtained by following the 4.4 g:rain line to 
its intersection with the 90* abscissae line of room tempera- 
ture and from this intersection dropping: to the relative 
humidity scale at 31 per cent. Thus, having: air under any 
set of temperature and humidity conditions, the effect that 
a chang:e in any one condition would have upon the others 
may be obtained without calculations. 

Application 1, — The air of a room g:ives a dry bulb read- 
ing of 80* and a wet bulb reading of 69*. What is the rela- 
tive humidity? 

Solution. — Find intersection of dry bulb curve and wet 
bulb ahscissae. From such intersection drop perpendicular to 
relative humidity scale and read 57.5 per cent. Check by 
Table 12, Appendix: 80* room temperature and 11 degrees 
difference gives 57 per cent, relative humidity. 

Application 2. — In the above problem determine the num- 
ber of pounds of water vapor in the room if its capacity is 
3500 cubic feet? 
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Solution. — At the intersection of the 80" and 58 per cent. 
coordinatea, read absolute humidity in grrains of moisture per 
cubic foot as 6.2. Total moisture in room = 3500 X 6.2 = 
21700 grains, or 21700 -j- 7000 = 3.1 pounds of water in form 
of vapor. Check by Table 13, Appendix. From this table, 
column 7, the weight of the vapor in pounds present at 
saturation at 80 • is by interpolation, .001578 per cu. ft. At 57 
per cent relative humidity each cubic foot would contain 
.001578 X .57 = .000899 pound and 3500 cubic feet would con- 
tain 3.15 pounds. 

Application 3. — To what temperature could this room be 
cooled before moisture would be deposited from the air, i. e., 
at what temperature of the air would the dew point be 
reached? 

Solution. — ^The dew point for this room air Is the tem- 
perature at which 6.2 grains of moisture per cubic foot rep- 
resents saturation^ or 100 per cent, relative humidity. There- 
fore follow the 6.2 grain line to Intersection with the 100 
percent, vertical and read 63". Check by Table 11, Appendix. 
Temperature at which 6.2 grains moisture becomes the sat- 
uration quantity is by Interpolation, 62.3". 

Application 4. — To what temperature could this room be 
heated without moisture addition or loss and maintain a 
relative humidity of not less than 50 per cent? 

Solution. — Following the 6.2 grain line to Intersection 
with 50 per cent, ordinate, read from the right the room tem- 
perature, 85". Check by Table 11, Appendix. Since 6.2 
grains at the temperature sought will be 50 per cent, of the 
moisture of saturation at that temperature, 12.4 grains 
Would be saturation quantity, which from Table 11 by inter- 
polation corresponds to 84.2". 

27. Theoretical Amount of Molntiire to be Added to Air 
to MalBtAin a Certain Humidity s — Warm air has a much 
greater capacity for holding moisture than cold air. When 
air of a given outside temperature is heated for interior 
service, the volume increases with the absolute temperature 
(See Art. 15). On the other hand, the relative humidity de- 
creases rapidly na shown by the humidity curves (Fig. 9). 
Air that Is dry Is unpleasant to the occupants, as well a* 
being detrimental to the furnishings of the room. Therefor 
some means should be provided to supply moisture to tl 
incoming air current. In calculating the amount to 1 
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added, let Q = cubic feet of air per hour entering the room 
at the register temperature t, Q' = corresponding volume at 
room temperature t' and humidity «', Qo = corresponding 
volume at outside temperature U and humidity uo. Also let 
T, T' and To be the absolute temperatures of the entering air, 
room air and outside air respectively. From the equations 

TQ' = rq and TQo — ToQ (17) 

And Q' and Qo. From Tables 11 or 13, Appendix, find the 
amounts of moisture M' and Mo in one cubic foot of saturated 
air at the temperatures t' and U, multiply these by the re- 
spective humidities and volumes, and the difference between 
the two final quantities will be the amount of moisture re- 
quired per hour as expressed by the equation 

W = Q'M'u' — QoMoUo (18) 

Application. — Let Q — 5000, t = 130, r = 70, U = 30. 
tt' = .50, uo = .50, Jf' = 7.98 and Mo = 1.935, then 
Q' z=i 5000 X 530 -T- 590 = 4490 
Qo = 5000 X 490 -T- 590 = 4154 
W = 13896 grains, or 1.983 lbs. per hr. 

This means that approximately 2 pounds of water would be 
evaporated fpr every 5000 cubic feet of fresh air entering 

the room under the above conditions (See 

also application in Art. 72). 

28« Velocity in tlie Convection of Air by 
tlie Appiication of Heat: — Let ho (Fig. 10) be 
the height of the chimney or stack. If the 
temperature of the gases within the chimney 
CD be the same as that of the entering air 
there will be no natural circulation, because 
the column CD will just balance a corre- 
sponding column AB upon the outside. If the 
temperatures of the chimney gases CD and 
entering air be tc and to respectively, the 
chimney gases being (tc — to) degrees above 
that of the outside air, then upon entering the 
chimney the air becomes less dense and ex- 
pands according to the ratio of the absolute 
temperatures before and after heating. With 
Fig. 10. an outside column of ho feet, it will require 

a column of the chimney gases ho + he feet to produce 
'iquilibrium. In other words, the equivalent column of gases 



t. 



B'*" 
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producing circulation in the chimney has a height of he feet. 
Assume, in the system ABODE, that the interior cross sec- 
tions at all points are uniform. The volumes of AB (imag- 
inary column) and GE (actual column) are to each other as 
their respective heights, and 

To : To + Vc :: ho : h^ + he, or ho : 460 ■\- to :\ ho + he i 
460 + U. From this we obtain he (4G0 + U) = ho (tc — U) 
and 

ho ite to) 

ho = (19) 

460 + to 



Substituting for h in the equation v = V2 gh, its correspond- 
ing value he, we have 



^v 



ho (tc to) 



V = V2 ghc = 8.02^/ r— . (20) 

460 + to 

It is found in practice that the theoretical velocity as 
given by this equation is never obtained because of the loss 
of draft due to the friction between the column of gases and 
the sides of the chimney, and from wind pressures and 
other causes. Some engineers estimate the actual discharge 
from the chimney at 50 per cent, of the theoretical. This 
estimate may be fairly safe for medium sized chimneys but 
will not be realized on the smaller ones used in residences, 
which will probably be 25 to 50 per cent, of the theoretical. 
As the transverse net area becomes smaller, the percentage 
of -friction to the total air moved increases very rapidly and 
soon becomes the principal factor. Prof. Kent assumed a 
layer of gases two to three inches thick next to the interior 
surface as having no velocity and consequently ineffective. 
Thus a minimum of 4 inches would be added to each theoret- 
ical cross dimension to obtain the nominal size of a rec- 
tangular chimney. 

Some uncertainty will be experienced in the selection of 
the best values for the average temperatures of the chimney 
gases, te, and the outside temperature, to, for calculations. 
fe is low for residence chimneys because of the low rate of 
combustion (3 to 7 lbs. per sq. ft. of grate per hr.) and. high 
for large apartment houses, office buildings and power 
plants (10 to 24 lbs. per sq. ft. of grate per hr.). It is low 
for unprotected chimneys having large heat loss from radia- 
tion and high for those that are housed-in with the build- 
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litE. AHBume In = 70 for all calculations. Approximate 
values tor chimney height above the grate, lt>, average tem- 
perature or gaseH In chimney, I', and temperature of s&sea 
entering chimney, ft, may be taken as In Table V. 
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Realdences 


Apartment houaee 


h. 


SO 


40 


EO 


«0 


1. 


200 


22t 


260 


too 


1* 


too 


SEO 


400 


4E0 



To eatlmate the approximate volume of gasea circulating 
through the chimney per eeoond, multiply the pounds of coal 
burned per hour by 26 (pounds of gases per pound of coal, 
maximum) times the specific volume of the gas at the tem- 
perature of the entering chimney gaiea and divide the result by 
3800. Note that the average temperature ot the gases Is 
used In obtaining draft but that the entering temperature Is 
used In obtaining area, since all transverse areas are equal 
and calculated to carry the gases at the entering volume. 

When Equation SO ia applied lo hoi air ttackt In beating ayt 
lemt, allowances tor friction are much less because of the 
sifiooth interior of the duct. In euch cases the actual Veloc- 
ity of the air should approach more nearly the theoretical. 
(For applications to chimneys see Arts. 31 and 32). 

2». MeuBrement ot Air VrlocI ties i— (See also Arts. 144- 
146). In ventilating work It is often of the greatest Im- 
elocltiea accurately. The correct 
propelling tans or blowers to do 
1 work depends largely upon the 
of the velocity ot air de- 
livery. In acceptance and other tests 
this measurement is equally Important. 
Velocities are most commonly meas- 
L ured by means of a vane wheel Instru- 
1 ment called the aaemomeler. It !s essen- 
f tially a deltcately pivoted wheel having 
from atx to fifteen vanes and similar to 
the common wind mill wheel (See Pig. 
11). To the shaft la connected a re- 
cording mechanism consisting ot a set 
of dials which show the velocity ot the 
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air traveling past the instrument. By reading this recording 
mechanism agrainst a stop watch the velocity of the air per 
unit of time may be obtained. Since the instrument works 
against the friction of moving: parts its readings are sub- 
ject to variation and even with frequent calibrations it is 
not wholly to be relied upon. Various tests of anemometers 
in comparison with the absolute readings of a gas tank 
have shown errors as high as 35 per cent, slow to 14 percent.' 
fast, in the discharge from pipes 8 inches to 24 inches in 
diameter. It is not fair to condemn a type of instrument 
because some instruments of the class have failed through 
long service or lack of care, but in general it is safe to say 
that the anemometer as an instrument for delicate velocity 
measurement should be used with great care and should be 
frequently calibrated. 

Velocities are also measured by the Pitot tube, Fig. 12. 
This method of measurement is not as simple as the ane- 
mometer but when properly applied It is more accurate. The 
Pitot tube is essentially a pressure measurer. In every mov- 
ing fluid (liquid or gas) three pressures are acting. These 
are commonly designated dynamic, static and velocity. Let the 



Mum 




Fig. 12. 

bent tube A be partially filled with mercury, oil or water as 
shown and let it be inserted in the pipe with the open end 
square against the stream. Also, let tube B be similarly 
constructed but let the plane of the opening be 90 degrees 
to A. Tube A is acted upon inside the pipe by the atmos- 
phere plus the total forward pressure of the stream (dy- 
namic pressure) and on the outside by the atmosphere. 
Tube B is acted upon inside the pipe by the atmosphere plus 
the cross pressure (static pressure) and on the outside by 
the atmosphere. In each case the liquid in the bent tube 
ebows unequal levels, A having greater depression than B. 
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Now if the two tubes are united as in C so that the pipe 
pressures act on opposite sides of the same liquid column, 
the atmospheric pressure is eliminated and the two internal 
pressures subtract, griving: velocity pressure, 1. e.. 

dynamic pressure — static pressure = velocity pressure. 

C shows the instrument as commonly applied. In this the 
subtraction is automatic and the difference in levels, hw, is 
caused by the velocity pressure only. To find the actual 

velocity of the air in the pipe apply the equation c = V2 pA 
where r =r velocity in feet per second, g = acceleration of 
gravity in feet per second, per second and h = the velocity 
head of the air in feet. If the tube contains water at SO", 
the ratio between the specific gravities of air and water be- 

62.37 

ing" = 816.4 (See Tables 9 and 13, Appendix), the equa- 

.0764 

tion reduces to 

V = V2 X 32.16 X 816.4 X hw -i- 12 or 

V = 66.2 V/i~ (21) 

where hw = the difference in height in inches of the water 
columns with both legs connected as described and at a tem- 
perature of 60*. By a similar method this equation may be 
deduced for a mercury or other liquid column, or for other 
temperatures than 60°. 

Several Pitot tubes, differing from each other slightly in 
features of design, are in commercial use. Because of these 
mechanical differences their readings do not absolutely 
check each other or those from the theoretical formula, 
hence all readings must be multiplied by a constant charac- 
teristic of the tube in use (See Trans. A. S. H. & V. E., Vol. 
XXI, p. 459). 

In using the Pitot tube or the anemometer, the fact 
should not be lost sight of that the velocity varies from a 
minimum at the inner surface of the pipe to a maximum at 
the center. The friction on the inner surface causes the 
moving fluid to be retarded next the pipe wall and any test 
for velocity must account for this variation. With a circular 
pipe the change of velocity may be approximately repre- 
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sented by the abscissae of a parabola with its axis on the 
axis of the circular pipe (See Fig- 13). 

The point of average velocity is variously quoted from 
one-fourth to one-third the radius from the wall toward the 
center, the value depending probably upon the character of 
the inner surface of the tube. For general use three- tenths 
will give good average values. For conduits of other shapes 
the position of mean velocity is difficult to determine. The 
only safe way is to divide the cross section into small areas 
and take readings in each area to obtain the average. This 





Fig. 13. 

variation of velocity from the center of the stream lessening 
toward the walls may possibly account for many of the 
variations shown by anemometer tests. It is evident that 
it is difficult to locate an anemometer so that it will give 
the correct average reading. In large ducts the error will 
he less. Pitot tube measurements are more easily applied 
and are more reliable. 

Automatic recording meters may be obtained for keep- 
ing permanent records of the flow of air and steam through 
ducts and pipes. The record from the meter indicates di- 
rectly the cubic feet of free air or other fluid circulating 
during each hour of the day. 

Reperences.^— Kent, Mechmiical Engineers Pocket-Boole. Trans. 
4. 8. H. & V. 'E. Report of the Committee on the Best Way 
to Take Anemometer Readings, Vol. XIX, p. 202. On Stand- 
ardization of Use of Pitot Tube, Vol. XX, p. 210. Measure- 
ment of Air Flow, Vol. XXI, p. 450. Trans. A. 8. M. E. Meas- 
urement of Air in Fan Work, Vol. XXXIV, p. 1019. The 
Pitot Tube, Vol. XXV, p. 184. Jour. A. 8. M. E. Pitot Tubes 
for Gas Measurement, Sept. 1913, p. 1321. 

30. To Determine the Transveriie Area of a Chimney 
'or Any Given Heigrhtt — The value of any flue as a carrier 
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of heated erases depends upon both velocity and transverse 
area. It is not only necessary that a chimney have suffi- 
cient 'heig^ht to produce draft but it must have an area 
capable of carrying the total volume of the grases. The 
height may be sufficient to create a good velocity but the 
area may not be sufficient to carry the volume of gases 
required and the draft becomes ineffective because of clog- 
ging. On the other hand, the draft may become ineffective 
from reduced velocity due to too large an area. In any 
chimney, height and area are dependent variables. The 
height is first determined to give a certain draft and to 
agree with surrounding building conditions, after which 
the area is determined to carry the gases at the given 
chimney height and resulting gas velocity. To obtain the 
theoretical size of a chimney, substitute ho and the assumed 
values of tc and to in Equation 20 and determine the velocity 
of the gases per second. Divide the estimated maximum 
volume of gases moved per second by the velocity to de- 
termine the transverse area in square feet and reduce this 
value to a corresponding round, square or rectangle. For 
the actual size add a minimum of 4 inches to each theoretical 
dimension. 

31. Small Chimneys t — Application for a ten room residence. 
Given: total heat loss from the building per hour 100000 B. t. 
u.. coal 13500 B. t. u. per pound, furnace efficiency 60 percent, 
temperature of chimney gases at base of chimney 300°, 
average temperature of chimney gases 200", outside tem- 
perature 70* and height of chimney 30 feet above the grate. 

A heat loss of 100000 B. t. u. per hour will require 
100000 -T- (13500 X .60) = 12.35 pounds of coal per hour at 
the grate. With gases 300° temperature there will be moved 
12.35 X 25 X 19.14 = 5933.4 cubic feet of gases per hour. 
The velocity of the chimney gases according to equation is 
21.8 feet per second, which gives 144 x 5933.4 -j- (8600 X 
21.8) = 10 square inches, or 3.2-in. X 3.2-in. Adding 4 inches 
to each dimension = 7.2-in. X 7.2-in., say 8,5-in. X 8.5-in. 
to fit the brick work. If this were an outside wall chimney 
it should be 8.5-in. X 13-in. 

Application for an apartment house or small school. Given: 
total heat loss from the building per hour 1000000 B. t. u., 
ho — 60, tc =: 300, tb = 450, to — 70, and the coal and air con- 
ditions as above, find the sizes of the chimney, 8.5-in. X 8.5- 
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in. (theoretical) and 13-in. X 13-ln. (actual). For an out- 
side chimney, at least 13-in. X 17.5-in. 

In small chimney construction there is a tendency to 
leave the interior of the brick work very rough. This should 
not be, but •where such methods are allowed, one dimension 
of the actual sizes determined as above should be increased 
by the width of one brick. 

82. Ijarg^e Cblmneyiis — Chimneys for office buildingrs, 
power plants, etc., are generally rated in terms of boiler 
horse-power. To calculate the sizes of such chimneys, first 
find the intensity of draft (pressure 6f the current of gases 
in inches of water, determined by a draft gage). This will 
vary from .75 in. to 1.25 in., according to the type of boiler, 
method of firing, and length and size of breeching. See 
books on power plant operation. Having the draft, find 
the height of the chimney, ho, by the equation 



d = .52 ho po I I 

\ T2 TiJ 



(22) 



where d = draft in inches of water, po =. observed atmos- 
pheric pressure (commonly taken 14.7), To = absolute tem- 
perature of outside air and Ti = absolute temperature of 
gases in chimney. Having ho, find the diameter of a round 
chimney by the equation 

B. H. P. = 2.4 D'VhT' (23) 

where B. H. P. = nominal boiler horse-power and D = 
diameter of chimney in feet. For square chimneys find the 
equivalent area of the round chimney. 

Application. — Find the height and diameter of a chim- 
ney for 1000 boiler horse-power. Temperature of gases 
500", outside air 70* and required draft, 1-inch of water. 
In Equation 22 



1 = .52 X 14.7 ho I i 

\530 960 / 



ho - 150 ft. 
Also substituting in Equation 23 

1000 = 2.4 D^VlTo 
D = 5.8 ft., say 6 ft. 

33. Chimney Notes 1 — The ideal chimney flue is round in 
section. Most building construction, however, requires rec- 
^ngular shapes. These should be kept as nearly, square as 
possible. No chimney flue should be built less than 8-in. x 
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8-in. All chimneys should be built up of hard bunted briclts 
well bedded in cement mortar. All joints should be struck 
smooth. Interiors are improved if lined with hard burned fiV'^ 
tiles. Chimneys should be built free from other house con- 
struction so as to permit the unequal expansion and con- 
traction without cracking the walls of the house or the 
chimney. The top of the chimney should extend above the 
highest point of the building:. If the top is below any near- 
by portion of the building, eddy currents will be formed 
which will enter the top of the flue and seriously reduce 
the draft. Under such conditions a shifting cowl may be ad- 
visable. Chimneys under 30 feet in height are unreliable in 
their action. Some engineers recommend nothing under 40 
feet. The chimney should have no other openings into it 
than the furnace or boiler smoke pipe. Chimneys in outside 
walls are not as satisfactory as when built-in, due to the 
chilling effect of the outside air. When an outside wall chim- 
ney is put in it should be made double walled with air space 
between the walls. A warm air flue by the side of a chim- 
ney is an ideal location for the flue. All chimneys should 
rest upon solid foundations. All joints between the boiler 
and the chimney should be tight to preserve the draft. Good 
draft is very essential to the success of any type of heating 
system, and the purchaser should be required to guarantee 
a sufficient draft and capacity of his chimney before the 
manufacturer should be expected to guarantee a stated rat- 
ing of his furnace, heater or boiler. 

References. — Christie, Chimney Design, Gebhardt, Steam 
Power Plant Engineering, Marks, Mechanical Engineers Handbook, 
Kent, Mechanical Engineers Packet-Book, H. & Y. Mag. Baldwin 
on Chimneys, Oct. 1913, p. 23, Jan. 1914, p. 31. 

34. Cowls and Ventilator Heads: — The capacity of any 
vent or chimney flue may be increased by properly designed 
cowls surmounting the top of the opening. Much of the 
down draft experienced under changing wind pressures may 
thus be eliminated. Shifting heads or cowls take advantage 
of any wind velocity to increase the upward movement of 
the air by induction and, when fitted with bearings that per- 
mit adjustment from the slightest wind velocity, may be 
considered highly desirable. 
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35. Heat Dieisipated from Bulldinii^ss — In planning- the 
heating system for any building-, the first and most impor- 
tant part of the work is to estimate the total heat lost in 
B- t. u. per hour from building:. Unfortunately this is the 
part which is open to the least satisfactory calculation be- 
cause of varying wind conditions and imperfections in build- 
ing construction,, and because of the lack of accurate con- 
ductivity values, especially those relating to the more recent 
building materials. 

Heat is lost from a building in three ways: first, that 
transferred through the walls, windows and other exposed 
building materials by conduction and lost by radiation and 
convection; second, that carried away by convection air cur- 
rents that pass out through wall cracks and door and win- 
dow openings to the outside air; third, that lost through 
specially prepared ventilating ducts. The third i^tem is not 
included in the usual building heat loss (See Arts. 41 and 42). 
In the average building the conduction loss is the principal 
one, although it is now found that the convection loss is of 
much more importance than has been generally considered. 
In any case neither of these losses can be determined ex- 
actly, but close estimations may be made. 

30. Conduction and Radiation LoMHeM: — These losses are 
considered under various heads, such as glass, wall, floor, 
ceiling and door losses. Available data have been obtained 
by experimentation but these do not agree very closely. The 
reason for so much uncertainty in this part of the heating 
work is found in the fact that there are great differences in 
methods of building construction. Conductivity tests on 
J^imple materials give fairly uniform results, but when these 
^ame materials are assembled in building walls the quality 
'>f the workmanship often permits more heat loss by con- 
vection than w^ould be transmitted through the materials 
by conduction. The values quoted for glass and the more 
'ompactly built up structures such as brick walls, agree 
fairly well. The greatest difficulty is found in the balloon 
frame building w^ith its studded walls, where the dead air 
^pace in a well constructed wall may be a good noncon- 
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ductor. or where on the other hand the SEime spai^e In a 
poorly oonstructed wall may become a circulating air space 
to cool the walls by the movement of the air. 

As an Illustration of what may be expected in bulldlne 
loHseH let FlK. 14 represent a 4-lnch studded wall with  
tight air space between the studding-. It Is built up of ma- 
terials each having a different conductivity and Is sub' 
jected upon one aide lo the room temperature ■' and upon the 
other to the outaide tejiperature to. Let oo', bV, ff, etc, be 
planes of equal temperature, but 
each plane hftvlng less Inten- 
sity of temperature. In the order 
named, between I' and t>. Also 
let the curve t^i represent the 
temperature drop (measured on 

trary zero, not marked) In the 
heat travel between the enter- 

raya, x and z. It will be noticed 
that the temperature drop Is not 
uniform along the path of heal 
travel. This la because of the 



through. Along every heat path 
"^'K' !*■ there are three resistances to 

the flow at heat between I' and U; the air envelope 
in contact with the wall, the materials composing the 
wall and the surfaces of each material composing the 
wall. The summation of these resistances represents 
the Insulating effect against heat flow. It is desir- 
able that IheKC resisting surfaces and materials be of 
such a character as to cut off heat flow across the wall as 
completely as possible. The iximmon rfe/p« found with such 

(tsffn the atui&in^. Since the Insulating effect of any ma- 
terial or combination of materials la proportional to the 
total resistance along the heat path, free air circulating be- 
tween the studding, say from basement to attic, would cause 
an Increaaed heat loss because the resistances through the 
latter halt of (he wall would be eliminated. If, In Pig. It. 
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the air space marked stud were not tightly closed at bottom 
and top, the heat crossing from cc* to dd' would be carried 
away by convection and the insulating qualities of the wall 
would be R* as compared with 72 in a tight wall. Still air 
is a good nonconductor. Convected air is a good heat car- 
rier. Walls of other construction give less uncertainty in 
heat calculation. 

Theoretical equations for heat losses through building 
walls are based upon conductivity values (reciprocals of re- 
sistances per unit thickness) of the various materials and 
do not take into account such incidental points as interven- 
ing air spaces and poor construction. Since the amount of 
heat transmitted is equal to the temperature drop divided by the sum 
of the resistances, we have for any combination of materials 
(assuming all surfaces in contact and no air spaces), JIu = 

«' ~ to) -T-" {Ra -\- Rb + Re + -I- Ui -I- igj, + /23 + ), 

where fto, Rh, Re, etc., are the resistances of the materials 
&nd Ri, R2, Rs, etc., are the surface resistances per unit area. 
With the material thicknesses m, n, 0, etc., and the conduc- 
tivities Ka, Kb, Ko, Kx, K2, Ka respectively. 

f — to 

Buzz > (24) 

m n 111 
+ + + + + + . etc. 

Ka Kb Ke Kx K2 Kz 

Collecting the conductivities in the denominator and placing 
the reciprocal of this summation as the combined conductivity 
(rate of transmission per unit area), K, we have for any 
area. A, 

H = K A (r ^ to) (25) 

Equation 24 is developed to illustrate a general prin- 
ciple. Its application, however, is usually unsatisfactory 
and the laborious process is unnecessary when calculating 
the heat loss for buildings, and .Equation 25 is used instead. 
Values of K commonly used are obtained by experimentation. 
Table VI has been compiled from a number of the best refer- 
ences. 

TABLE VI— Value of K 

Materials K 

Brick wall, 8^" plain 37 

Brick wall, 13" plain 29 

Brick wall, 17%" plain 24 

Brick wall, 22" plain 21 
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Brick wall, 27" plain 19 

Brick wall, furred and plastered, use .7 times non-furred. 
Stone wall, use 1.5 times brick wall. 

Concrete, 2" solid ^^ 

Concrete, 3" solid 71 

Concrete, 4" solid 6* 

Concrete, 6" solid 56 

Frame wall (plaster, lath, stud, clapboard) 50 

Frame wall (plaster, lath, stud, sheating:, clapboard) 28 

Frame wall (plaster, lath, stud, sheatingr, paper, clap- 
board) 23 

Windows, single glass, full sash area 100 

Plate glass, same as single window glass. 

Windows, double glass, full sash area 50 

Skylight, single glass, full sash area 11^ 

Skylight, double glass, full sash area 6^ 

Wooden door, 1" *0 

Wooden door, 2" 36 

Hollow tile, 2", W plaster, both sides 41 

Hollow tile, 4", ^At" plaster, both sides 33 

Hollow tile, 6", i/^" plaster, both sides '. -28 

Solid plaster partition, 2" 60 

Solid plaster partition. 3" BO 

Concrete floor on brick arch 20 

Fireproof construction as flooring 10 

Fireproof construction as ceiling 14 

Single wood floor on brick arch 15 

Double wood floor, plaster beneath 15 

Wooden beams planked over, as flooring 1"^ 

Wooden beams planked over, as ceiling 35 

Lath and plaster ceiling, no fl'oor above 62 

TjRth and plaster ceiling, floor above 25 

Steel ceiling, with floor above 35 

Single %" floor, no plaster beneath 45 

Single %" floor, plaster beneath 26 



Applicatiox. — With zero outside temperature the heat 
losses through the exposed glass and wall surfaces of the 
Dining Room (Fig. 18), assuming good frame construction, 
are: glass = 1 X 32 X 70 = 2240 B. t. u.; wall (minus 
glass) = .23 X 114 X 70 = 1835 B. t. u., total 4075 B. t. u. 
With — 10° outside temperature these values are 2560 + 
2097 = 4657 B. t. u. 
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Most ot the values in Table VI have been 
art form <Fl£. IS) where the reBUlting values are the total 
t u. transmitted throush 1 square font of the surface per 



Fig. 15. 
ftpPLicATioN 1. — Aasume the ou 
air, Inalde temperature T(J° an 
le heat loss from a square fo< 
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also, from a square foot of singrle glass window? Begrinning 
at the rlg:ht of the chart at — 10* outside temperature, trace 
to the left to the wind velocity, then up the ordinate to the 
13-inch wall, then to the left to the line indicating 70* in- 
side temperature, then down to the south exposure, then to 
the left showing 24 B. t. u. transmitted per square foot per 
hour. For the glass, trace from — 10* to the wind velocity. 
then up to the single window, then to the left to the Inside 
temperature, 70*, then down to south exposure, then to the 
left showing 80 B. t. u. per square foot per hour. Checking 
this with the table for a 13-lnch brick wall we have, .29 X 
80 = 23.2 B. t. u. For glass, 1 X 80 = 80. The effect of the 
wind upon the heat loss is very marked. Locations subjected 
to high winds should have extra allowances^ For example, 
take the 13-inch brick wall just mentioned. Assume the 
wind to be 30 miles an hour. By the same process as before 
we And for a south exposure, 33 B. t. u. loss as compared 
with 24 at zero wind velocity. 

Application 2. — Assume the outside temperature — 10', 
wind velocity 12 miles per hour, inside temperature 70* and 
north exposure. What is the heat loss from a square foot 
of 13-inch brick wall; also, from a square foot of single 
glass window? Trace as before and find 31 B. t. u. for the 
wall and 105 B. t. u. for the glass. This is an increase of 
approximately 30 per cent, over Application 1, due to ex- 
posure and wind velocity. 

Application 3. — Assume the attic temperature 20*, zero 
wind velocity, south exposure, room temperature 70", lath 
and plaster ceiling with no floor above. What Is the heat 
loss through a square foot of ceiling per hour? Trace from 
20* outside temperature and find 32 B. t. u. Checking this 
with the table, .62 X 50 = 31 B. t. u. 

Application 4. — Work out Application 3 for a steel ceiling 
with fioor above and check with the table value. 

Application 5. — Assume a 4-inch concrete floor laid on 
the ground, with a ground temperature of 40* and an air 
temperature at the floor line of 65*. What is the heat loss 
through a square foot of the floor per hour? Trace from 
40* outside temperature to zero wind velocity, dowTi to 
4-inch solid concrete, to the left to 65* temperature, down 
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to south exposure and to the left to 17 B, t. u. Check by 

Table VL 

Application 6. — ^Assume a 6-inch concrete floor on ground 
with a ground temperature of 50* and an air temperature at 
the floor line of 65.*. "What is the loss through a square foot 
of the floor per hour? Trace from 50* outside temperatyre to 
zero wind velocity (extended), down to 6-inch solid concrete 
(extended), to the left to 65* temperature, down to south 
exposure and to the left to 9 B. t. u. Check by Table VI. 

37. Loss of Heat by Air Leakagret — Buildings are sub- 
ject to air leakage through walls, floors, ceilings and win- 
dow and door clearances. No effort is made to estimate the 
leakage through walls. In the best type of windows, metal 
weather strips or other insulations are used. Most of the 
estimates of building heat losses, however, have to do with 
ordinary window construction, the quality of the workman- 
ship of which is frequently very poor. Experiments made 
by H. W. Whitten, R. C. March. S. F. Voohees and H. C. 
Meyer (Trans, A. 8. ff. <6 V. E., Vols. 15 and 22; also, Jour. 
A- 8, H. d V, E., Jan. 1916) to determine the amount of leak- 
age around windows and doors, were very successful in the 
specific cases. The application of the conclusions to general 
rules, however, is open to much guess work, since a well 
fitted window has approximately g's-inch clearance, while a 
loosely fitted window may have as much as 3*2 -inch. In the 
tests it was shown also that ^n any given window clearance 
the leakage varied gredtly as the outside air velocity varied. 
For illustration, with a clearance of ^-inch the leakage in- 
creased 25 per cent, per mile increase of wind velocity; or for 
3- four mile increase in wind velocity the leakage loss In- 
creased 100 per cent. With such variations as this the heat 
loss allowance for the average window leakage is a question. 
Regardless of the uncertainty in this part of the work, it is 
interesting to make the best approximation possible and use 
this in estimating the heat loss from the building. 

Some of the approximate values determined by the tests 
Were: 

(1) Average wind velocity in localities where 

heating is important, miles per hr 13 

(2) Average sash clearance, in ^ 
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(3) Air pressure equal to a 15-mile wind agrainst 

a window having: iV-in. clearance will force 
146 to 185 cu. ft. of air througrh each lineal 
ft. of window clearance per hr. R. P. Bol- 
ton recommends 90 cu. ft. Harding and 
Willard use 60 cu. ft. 

« 

(4) Metal weather strips, etc., reduce the leakage 

as low as 1-5 to 1-9 of that found in the 
average wood frame window. 

(5) The lineal perimeter of the average window 

is numerically approximately equal to the 
window area in sq. ft., = G. 

From these an estimate may be made for cubic leakage 
losses through the average window per hour. 

Application 1. — What is the window leakage loss from 
the Living Room, Fig. 18? With a window perimeter = G, 
a 15 mile wind and a T«-in. clearance we have (assuming 
100 cu. ft. per hr. per lineal ft. of perimeter), 42 X 100 = 
4200 cu. ft. of air per hr. Since the room is 13' x 15' x 10' = 
1950 cu. ft. this leakage would amount to 4200 -^ 1950 = 2.15 
room volumes per hr. 

« 

Application 2. — ^What is the leakage loss from 

(a) Dining room? = 3200 cu. ft. hr. = 1.52 room volumes 

(b) Study? = 4800 cu. ft. hr. = 2.53 room volumes 

(c) Kitchen? G only = 3200 cu. ft. hr. = 2.32 room volumes 

(d) Kitchen? G + door = 5000cu.ft.hr. = 3.62 room volumes 
Professor Carpenter in his heat loss equation makes al- 
lowance for leakage losses by using the factors n C for 
leakage air, in the term .02 n C, where n z=z number of room 
volumes and C = volume of the room in cubic feet. The 
use of the term .02 n C is very common practice among heat- 
ing engineers. The constant .02 is determined as follows: 
The specific heat of air at 32* is .238; then the number of 
pounds of air heated from 32* to 33* by 1 B. t. u. is 1 -h .238 = 
4.2. If the weight of a cubic foot of air at 32* is .0807 
pounds, we have 4.2 -^ .0807 = 52 cubic feet of air heated hy 
1 B. t. u. Since most of the heating is done at an averag-e 
temperature of 70* the volume of air heated from 69** to 70' 
by 1 B. t. u. is 52 X 530 -^ 492 = 56 cubic feet (See absolute 
temperature, Art. 4). It is evident that some approximation 
must here be made. No exact value can be taken b«ea.use 
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of the great rangre of temperature change of the air, but 55 
is probably the best average. The difficulty of handling the 

1 

equation with the constant has led to the simple form .02. 

55 
(See last column Table 13, Appendix). 

38. Exposure and Other Alloipvances t — ^Air at high veloc- 
ity passing over the surface of any radiating material is 
more effective in removing heat than air at low velocity. 
The north, northwest and northeast in most sections of the 
country are subject to the highest winds and have the least 
benefit from the sun, and are therefore counted the cold por- 
tions of the building. In estimating heat loss a good 
way is to figure each room as if it were a south room (as- 
sumed to need no additions for exposure) and add a certain 
percentage of this loss for exposure to fit the real location 
of the room. The exact amount to add in each case is 
largely a matter of the judgment of the designer, who of 
course is supposed to know the direction of the heavy winds 
and the protection that is afforded by surrounding buildings. 
Values covering American practice vary between the limits 
given in Table VII. 

TABLE VII. — Exposure. 

North, northeast and northwest rooms heav- 
ily exposed 10-25 per cent. 

East or west rooms moderately exposed 5-15 per cent. 

Rooms heated only periodically 20-40 per cent. 

Heat interrupted daily but rooms kept closed.. 10 per cent. 
Heat interrupted daily but rooms kept open.... 25 per cent. 

Heat off for long periods 50 per cent. 

Rooms 12 to 14% feet from floor to ceiling 3 per cent. 

Rooms 14% to 18 feet from floor to ceiling 6 per cent. 

Rooms 18 feet and above from floor to ceiling 10 per cent. 

39. Calculation of the Heat I/osses — Rnlei — Estimate for 
all rooms to be heated, the number of square feet respec- 
tively of exposed glass surface (full sash area), exposed wall 
surface (gross wall minus glass), exposed doors, floors above 
unheated or partially heated spaces, ceilings immediately be- 
low attic spaces, and partition walls between heated and un- 
heated spaces. With these values and by the use of Table 
VI, multiply ectch surface area "by its respective value of K and by 
; fhe temperature difference between the two air envelopes on the 



\ 
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aides. To the sum of these products add the amount .02 times the 
cubic feet of air change per hour times the temperature difference 
between the inside and outside air, and this will represent the heat 
loss for a southern exposure. For other exposures add amount 
allowed for losses due to location f'rom Table VII. 

Application 1. — Referring: to Fig. 18,. the Livinir Room 
will have a heat loss on a zero day as follows: grlass, 
1x42x70 = 2940 B, t. u.; wall. .23x263x70 = 4234.30 B. t. 
u.; floor (assuming^ 40* in this part of basement), 45 x 195 x 
30 = 2632.50 B. t. u.; and air change (See Table VIII), 
.02 X 2 X 1950 X 70 = 5460 B. t. u. Total 15267 B. t. u. Since 
this is a south room there is no allowance for exposure. 

The above rule may be stated in equation form. Let 
ff = B. t. u. heat loss from room per hour. With areas in 
square feet, let G = exposed glass, W = exposed wall minus 
glass, D = exposed doors, F = floor or ceiling separating 
warm room from unheated space, etc. Also let *« = 
(<' — to) = difference between room temperature and outside 
temperature; tv = (t^ — t") = difference between room tem- 
perature and temperature of the unheated space; K, K* and 
K" = coefficients of heat transmission; Q = nC in Arts. 37 
and 40 = cubic feet of air change per hour, and a = per- 
centage allowed for exposure. Then 

H r= (KOtx + K' Wtx + K" Fty + Etc. + .02 Qtx) (1 + a) (26) 
Application 2. — With same data as in previous application 
H = (1x42x70 -f .23x263x70 + .45x195x30 •\- 
.02 X 2 X 1950 X 70) (1 + 0) = 15267 B. t. u. 

Good judgment is necessary in selecting the proper out- 
side temperature, to, for any locality (See Art. 63). Room 
temperatures for heated rooms, t', may be taken from Table 
IX, and temperatures for unheated rooms and spaces from 
Table X. 

Certain credits tending to reduce E are frequently made 
to the heat loss calculation by allowing for the heat dissi- 
pated from lights, persons, etc., within the room (See Art. 44). 

40. Short Rules for E^stimatlng: Heat Least — The method 
of estimating heat losses outlined in Art. 39 can be recom- 
mended for any heat loss calculations. Engineers of experi- 
ence, however, occasionally develop modified forms for their 
own use, based upon the method shown in Art. 39 and suited 
to average building conditions. These short cut methods 
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should be used with caution by persons not thoroughly 
acquainted with their development. 

Carpenters' Rule. — According to Prof. R. C. Carpenter 
the quality of building construction and the corresponding 
heat losses from these buildings are so varied and uncertain 
that elaborate nnethods of figuring heat losses are unneces- 
sary. He recommends K = .25 for any ordinary wall sur- 
face and 0—1 for any glass surface. Ceiling and floor sur- 
faces, where it is thought necessary to consider them, may 
be reduced to equivalent wall surfaces. The rule therefore 
becomes a simple modification of £]quation 26, where U = 

f - /o. 

// = «? + .25 W -h .02 nC) (V — U) + exposure (27) 

TABLE VIII— Values of n 

Iwesidence heating: halls and bath rooms, 3; living rooms and 
rooms on the first floor, 2; sleeping rooms and rooms on 
second floor, 1. 



Offices and stores: first floor, 
2 to 3; 
second. floor, 1^ to 2. 

Churches and public assembly 
rooms, % to 2. 

Large rooms with small ex- 
posure, % to 1. 



V. 



The author would suggest 
that frame construction, 
large window areas and 
relatively small volumes 
tend toward the larger val- 
ues of n; conversely, brick 
construction, small window 
areas and relatively large 
volumes tend toward the 
smaller values of n. 



With Equation 27, Table VIII should be used and the 
following wall equivalents may be employed with good effect: 

Doors not protected by storm doors or vestibule, with or 
without small amount of glass = 200 per cent, of equal wall 
area. 

Floors over unheated closed spaces = same as wall. 

Floors over partially heated closed spaces =: 50 per cent. 
of equal wall area. 

Ceilings below unheated closed spaces, no floors above = 
200 per cent, of equal wall area. 

Ceilings below unheated closed spaces, floors above = 50 
per cent, of equal wall area. 
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Application 3. — With the same room and data as in Ap- 
plication 1. 

// = [42 -I- .25 X (263 -f .5x195) + .02x2x1960] 70 = 
14707 B. t. u. 

Harding and Willard's Rule. — This is a modification of 
Carpenter's Rule with the term .02 nC replaced by a leakage 
factor in terms of the window and door perimeter, P. Use 
window and door perimeter on that outside wall having: the 
greatest p,mount of window and door surface. 

H = (O + .25 ir + CP) (r — to) + exposure . (28) 
Where the value of C is taken for 

Good construction — ^a-in. sash clearance.... 1.2 

Poor construction — I's-in. sash clearance 2.4 

Weather stripped sash - 0.15 

Application 4. — With the same room and data as in Ap- 
plication 3, assuming: both windows to be affected simul- 
taneously by the air pressure 

H, Good Const. = [42 + .25 (263 + .5x195) + 1.2x42] 
70 = 12747 B. t. u. 

//, Poor Const. = [42 + -25 (263 + .5x195) + 2.4x42] 
70 = 16303 B. t. u. 

One of the difficulties in the application of Equation 28 
is to determine the character of the sash clearance. In all 
probability the average value C will approach 2.4 rather 
than 1.2. 

41. LiOMs of Heat by Ventilation t — Heating and Ven- 
tilating systems should have special provisions made for 
supplying fresh outdoor air for the inhabitants of the rooms 
and exhausting a corresponding amount of foul air. The 
exhausted air is usually warm air and as it leaves the rooms 
carries a certain amount of heat with it. This is a direct 
loss and should be taken into account. 

Since the loss by leakage is the same for any building 
regardless of the heating system employed, it is accounted 
for in the ordinary heat loss equation, but losses through 
ventilating systems must be considered in excess of this 
amount. Let Qv = cubic feet of fresh air supplied through | 
the ventilating system per hour, f — to = drop in tempera- 
ture from the inside to the outside air; then the heat lost by 
exhausting the air is j 

Qr (*' — to) ; 

//c = (29) [ 

55 : 
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42. Combined Heat Loss, H' = (IT + Hv) :— In buildings 

where ventilation is provided, the total heat loss is that lost 

by conduction and radiation, U, + that lost by ventilation, Hv 

(See also Art. 60). 

Q^ («' — to) 

H' - H + (30) 

55 

Rule. — To find the total heat lost from any building, add to the 

heat lo88 calculated by equation, the amount found by multiplying the 

numher of cubic feet of ventilating air exhausted from the building per 

hour by one-fifty-fifth of the difference 'between the inside and outside 

temperatures. 

43. Temperatares to be Considered: — In desig^ning heat- 
ing systems the following temperatures may be used: 

TABLE IX— Values of f. 

Living rooms, school rooms, offices, auditoriums, lecture 

halls and general laboratories 70 

Play rooms, gymnasiums, manual training rooms, locker 

rooms and toilet rooms 65 

Bath rooms 80 

Hospitals, sick rooms and treatment rooms , 75 

Oreenhouses 70-80 

Shops and manufacturing plants, hard labor 60 

Shops and manufacturing plants, ligjit labor 65 

Paint and finishing rooms 80 

Outside temperatures, to, should be estimated from the 
lowest temperature recorded by the weather bureau for that 
locality, during the preceding ten years. This will range 
from 10" in the southBrn to — 30* for the northern sections 
of the country. The most extreme low temperatures are of 
such short duration that one is not justified in designing for 
these. Usually ten degrees above the lowest recorded tem- 
perature is used (See Art. 63). 

The temperatures of rooms not specifically heated may 
be taken: 

TABLE X — ^Values of to when applied to a room 

Cellars and rooms kept closed 32 

Rooms often In communication with the outside air, such 
&8 passages, entrance halls, vestibules, etc 23 
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Attio rooms immediately beneath metal or slate roof 14 

Attio rooms immediately beneath tile, cement, or tar and 
grravel roof 2S 

44. Heat Olven Off from Lights and from Persona Wltk- 
in the Room I — As & credit to the heating: system, some heat- 
ins engineers take account of the heat radiated from lights 
and persons within the rooms. The followingr values are 
collected from various authorities and may be considered 
fair averagres: 

TABLE XI. 

 "y ■'  ' .■    ■— — --■--■ — --■   ..  —   ,,,■■■- — ■— —  - —   —— ■■-  ^ 

Gas, ordinary split burner, B. t. u. per candle power hr. 300 

Gas, Argrand 

Gas, Auer 

Petroleum 

Alcohol, incandescent " *' 

Electric, incandes'nt carbon filament " 

Electric, " metal filament 

Electric, arc 

According to Pettenkofer, the mean amount of heat 
griven off per person per hour is 400 heat units for adults 
and 200 for children. 

45. Performance to Guarantee Heating Capacity: — Some 
contracts guarantee that the heating system (steam or hot 
water radiation) will maintain the interior temperature of 
the building at 70** when the outside temperature is zero or 
some value below. It is frequently necessary to make tests 
to prove the fulfillment of such guarantees when the out- 
side temperature is above that stated in the guarantee. It 
is evident that the inside temperature of the room while 
under test will then be in excess of 70". To maintain the 
temperature that will give an equivalent heating value to 
the guarantee, is the object of the test. Tests of thiis char- 
acter are never as satisfactory as when conducted under 
guaranteed conditions, but may be estimated with a fair de- 
gree of accuracy. A method proposed hy William Kent in the 
Engineering Record, Aug. 11, 1894 (See also M. E. Pocket 
Book), assumes that K is constant for any given material 
under temperature differences ordinarily found in practice; 
also, that the heat lost from the house equals the heat given 
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up by the radiator: It is found from experimental data that 
K is not constant for varying temperature differences but 
that it may be so considered without serious error. 

Let B = sq. ft. of radiator surface; Wb = sq. ft. of sur- 
face of exposed walls, windows, etc. ; tg = temperature inside 
the radiator; V = room temperature while under test; * = 
guaranteed room temperature; t'o = outside temperature at 
time of test; U = outside temperature specified on suaranr 
tee; Kr = rate of transmission through radiator; Kb = aver- 
age rate of transmission through building walls. From the 
conditions of guarantee Kr R (ts — t) = KbWb (t — to); c = 
(KhWb -^ Kr R); t :^ iU + cto) ^ (1 + c) and c = (U — t) -r- 
it — to). Then from the conditions of the test 

f = (*, + cfo) -T- (1 + c) (31) 

which gives the temperature of the room under test corre- 
sponding to the given values of ts and to. 

Appucation 1. — Suppose the heating system in any de- 
sign is guaranteed to heat the interior of the house to 70" 
at — 10* outside temperature, when the steam pressure is 
atmospheric, and that the test of acceptance is to be run 
when the outside temperature is 60*. What will be the 
maintained inside temperature, f, to satisfy this guarantee? 
Prom the conditions of the guarantee find c = (212 — 70) -r- 
[70 — ( — 10)] = 1.775. Then from the conditions of the test 
f = (212 + 1.775 X 60) -r- (1 + 1.775) = 115". In this same 
application if the heating system is guaranteed to heat to 
70* when the outside temperature is 0" we would have t' = 
(212 + 2.029 X 60) -i- (1 + 2.029) = 110". 

A second method, very similar to the preceding and found 
In Mechanical Equipment of Buildings, Vol. 1, Harding and 
Willard also makes the assumption that K is constant for 
varying temperatures. From the two equations, (G + 
•25 F + .02 nO) (t — to) = Kr R (t, — t) and (G + -25 W + 
.02 nC) if — fo) z= KrR it, — f), we have by division «' — 
«'•) -J- (« — to) = it, — f) -^ it, — t) and 

t, iVo + t — to) — t'oXt 
r = (32) 

ta to 

Application 2. — With the same conditions of guarantee 
and test as given in Application 1. *' = 115" for to = — 10* 
and 110" for to = 0. 

A third method, by W. W. Macon, is shown in Table 48 
Appendix. 
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PRINCIPLES OP DESIGN. 

441. Furnace System Compared Trttk Otlier Systems! — 

The plan of heating: residences and other small buildingrs by 
furnaces in which the air serves as a heat carrier, is com- 
mon in this country. Some of the points in favor of the fui- 
nace system are: low cost of installation, heating: combined 
with ventilation, and adaptability to lig:ht service and sud- 
den changres of outdoor temperature. Compared with that 
of other heating: systems, a first-class furnace system can 
be installed for one-third to one-half the cost. In addition 
to this, the fact that ventilation is so easily obtained and 
that the consumption of fuel may be so nearly proportioned 
to the demands of the weather, give this method of heating 
many advocates. The objections to the system are: the diffi- 
culty of heating: the windward side of the house, circulated 
dust, and the contamination of the air supply by the fuel 
gases leaking through the joints in the furnace. In a good 
system well installed, the only objection to be seriously con- 
sidered is the difficulty of heating that part of the house 
subjected to the pressure of the heavy wind. The natural 
draft from a warm air furnace is not very strong at best and 
any differential pressure in the various rooms will tend to 
force the air toward those rooms offering the least resist- 
ance. In a properly designed furnace plant, however, the 
layout may be so made as to reduce this possible differential 
to a minimum. The cost of operation can be largely controlled 
by the owner, consistent with his ideas of the quality of the 
ventilation needed. Arrangements may be made to carry the 
room air back to the furnace to be reheated, in which case 
(fresh air cut off entirely) the cost of heating is about the 
same as that of any system of direct radiation having no 
special provision for ventilation. Beyond this, any amount 
of fresh air desired may be taken from the outside and 
mixed with the room air for the purpose of ventilation. This 
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requires the aame amount of room atr to be exhaualed from 
the house at the room temperature and oauses an Increased 
cost of operation, as dlscuBsed In Art. 50. 

*T. E^uendalfl of the Fariuicc Srnlemi — Fundamentally 
this Installation must contain a furnace upon a proper set- 
ting, a. carefully designed and constructed system of fresh 
air supply and return ducts, and the warm air distributing 
leaders, stacks and 



Fig. U. 

t of these essentials. Dampers In the various 
air lines In the basement provide means whereby tresb air 
"lay be talten from the outside or recirculated air from the 
fooms as desired. Return registers and ducts are placed In 
Ihe coldest sections of the building (in some cases each 
foom) and should ieaci by the shortest lines to the furnace. 
*S. Points to be Calcnlated In  Farnaoe DcbIkdi — In 
"Edition to the calculated heat los.i, //. which may be as- 
sumed the same for all methods of heating, other points In 
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furnace plant design should be taken up in the following 
order: find for each room the cubic feet of air needed as a 
heat carrier and determine if this amount of air is sufficient 
for ventilation; then obtain from this the areas of the net 
heat registers, grross heat registers, heat stacks, net vent 
reg^isters, grross vent registers, vent stacks, leader pipes, 
fresh air duct and total grate area. From the total grate 
area select the furnace. 

49. Air Circulation In Farnnee Heatlnffs — The u^e of 

air in furnace heating may be considered from two stand- 
points, each very distinct in itself. First, air as a heat carrier; 
second, air as a health preserver. The first may or may not 
be fresh air. All that is necessary is to provide enough air 
to carry the required amount of heat from the furnace to 
the rooms, i. e., that amount of heat that will replace the 
heat lost by radiation plus the small amount that is carried 
away by leakage. With given temperatures of air at the 
register and in the room, the volume of air (volume at the 
register) may be easily calculated. The second requires that 
enough air be sent to the rooms to provide ventilation for 
the occupants. Each of these two amounts should be de- 
termined and the greater used in estimating the sizes of 
the registers and ducts. As previously stated, the cubic feet 
of air per hour for ventilation may be taken 1800 N, where 
K is the number of persons to be provided for (See Art. 21). 

50. Air Circulated per Hour and Total Heat IjObsi — ^A 

safe temperature t, of the circulating air as it leaves the 
heat register, is 130". This may at times reach 150" or 
above, but it is not well to use the higher values in the de- 
sign calculations. If the room air temperature is f = 70", 
the incoming air to the room will drop in temperature 
through 60 degrees, and since one cubic foot of air can be 
heated through 55 degrees by one B. t. u. it will give off 
60 -^ 55 = 1.09 (say 1.1) B. t. u. 

Let Q = cubic feet of air per hour as a heat carrier; 
H = total heat loss in B. t. u. per hour by equation; * = 
temperature of the air at the register; and f =. temperature 
of the room air; then 

55 B 



r 



(33) 



Rule. — To find the cubic feet of air necessary to carry the heat 
to the rooms, multiply the heat loss calculated l>y equation by fifty- 
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five and divide by the difference between the register and the room 
temperatures. For ordinary furnace work this becomes 

H 

Q = 

1.1 

Now if this air is not specially exhausted from the build- 
ing but is taken back to the furnace and recirculated, the 
only loss of heat will be H. Since air thus used would soon 
become unfit for the occupants to breathe, it Is well to ex- 
haust through ventilating flues a part or all of the air sent 
^rom the furnace. This makes an additional loss of heat 
corresponding to the drop in temperature from TO" to that 
of the outside air (See Arts. 41 and 42). If the temperature 
of the outside air is assumed 0**, 10** and — 15* respec- 
tively, the resulting heat loss will be 

n'o = H-^1.27 <?r;ir'-io = ^+1.45 Q„;fl'-,5 = H-f 1.54 Qv (34) 

For illustration, consider the Living Room (Fig. 18) under 
three conditions on a zero day: first, when all the air is re- 
circulated; second, when only enough air is exhausted to 
give fresh air for ventilation; third, when all the air is ex- 
hausted. Under the first case the loss H is 15267 B. t. u. per 
hour and no oth«r loss is experienced. In the second case, 
if three people occupy the room and each is allowed 1800 
cubic feet of fresh air per hour, the total heat loss will be 
15267 -I- 1.27 X 5400 = 22125 B. t. u. In the third case, 
where all the air is exhausted, 15267 -f- 1.1 = 13879 cubic 
feet of fresh air per hour will Be raised from 0" to 70* 
which will increase the heat loss 1.27 X 13879 = 17626 
B. t. u., making a total loss of 32893 B. t. u. per hour. The 
second condition is that which would be found most satis- 
factory. 

It is evident from inspection that the cubic feet of air 
necessary as a heat carrier will be excessive for ventilation 
in the average residence (See Art. 51), and the designer need 
not consider the amount of air for ventilation in calculating 
the sizes of the ducts and registers. However, this will be 
needed in an investigation of the size of the furnace, the 
amount of coal burned or the cost of heating; the latter be- 
ing in direct proportion to the respective total heat losses 
(See Art. 63). 

Application. — Referring to Table XII, the calculated 
amount of air Q, for the various rooms of a residence may 
he found. 
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51. Is Thla Amount of Air Q, Sufficient for Ventilation if 
Taken from the Outside? — Assume the same room as in Art. 
50 with Q = 13879 cubic feet. With a room volume of 1950 
cubic feet, the air will changre 7.1 times per hour and, allow- 
ing 1800 cubic feet of air per person, will supply eight per- 
sons with grood ventilation if fresh air is used. Stated as an 
equation this is 

H H 

N = = approx. (35) 

1.1 X 1800 2000 

As a matter of fact, ventilation for half this number will be 
ample in an ordinary residence room excepting on extraor- 
dinary occasions. Test Q for other rooms and find that ducts 
and registers designed sufficiently large to carry air for heating pur- 
poses are ample for ventilation in residences. 

52. Given the Heat Loss H and the Volume of Air Q' 
for Any Room, to Find t, the Temperature of the Air Enter- 
ing at the Regiftterx — If for any reason Q is not sufficient 
for ventilation (schools, offices, auditoriums, etc.), more air 
must be sent to the room and the temperature dropped cor- 
respondingly to avoid overheating the room. Let Q' = total 
volume of air per hour (including extra air for ventilation), 
measured at the register, then 

55 H 

« = 70 H (36) 

Rule. — When it is necessary for ventilating purposes to circulate 
more air than that calculated from the heat loss equation, then the 
temperature at the register will he found hy adding to seventy de- 
grees the amount found by multiplying the heat loss by 'fifty-five and 
dividing by the cubic feet of circulated air. This rule applies to 
all indirect heating. 

Application. — Suppose It were necessary on a zero day 

to send 18000 cubic feet of fresh air to the above room per 

hour to accommodate ten people. The temperature of the air 

at the register should be 

55 X 15267 

* = 70 H = 116.6" 

18000 

53. Net Heat Registers! — The velocity of the air, T, as 
it leaves the heat register is assumed 3 to 4 feet per second 
by different designers. The mean value is recommended for 
registers placed near the floor line. Where they are placed 
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above the heads of the occupants of the room (See Art. 134), 
higher velocities may be used. The greneral equation for net 
register area in square inches is 

fl^ X 55 X 144 

N, B. R. = (37) 

(t—f) X V X 3600 

Rule. — To find the square inches of net heat register, multiply 
the heat loss calculated hy equation hy two and two-tenths and divide 
h the product of the velocity in feet per second times the difference 
m temperature between the register and the room air. 

Assuming a mean velocity of 3.5 feet per second for all 
floors and 60 degrees drop in temperature from the register 
to the room, Equation 37 becomes 

ff X 55 X 144 

N. H. R. = = .01 // (38) 

60 X 3.5 X 3600 

54. Net Vent and Return Registers :^Vent registers or 

return registers or both should be put in at every important 

part of the design^ but this is not always done. In order 

that any room may be heated properly it is necessary that 

the room air be allowed to escape to permit the heated air 

to come in. This may be done by venting through doors, 

windows or transoms but the ideal way is through special 

ducts to the attic or back to the furnace. A tightly closed 

room cannot be properly heated by a furnace (See Art. 67). 

If all the air were to pass out the vent or return register, 

at the same velocity as it entered through the heat register, 

the area of the vent or return register would be to the area 

of the heat register as the ratio of the absolute temperatures 

of the leaving and entering air; that is, the area of the vent 

or return register = .9 the area of the heat register. Since 

some of the air leaves the room through other openings, 

these registers need not be so large, say 



N. V. R. "J 
N. R. R. j 



= .007 // = .7 N. II. R. (39) 



55. Gross Re8:i8ter Area: — The nominal size (catalog 
size) of the register is usually stated as the two dimensions 
of the rectangular opening into which it fits. The area of 
this opening varies from one and one-half to two times the 
net area. The larger value is for floor registers and is the 
safer one to follow unless the exact value is known for any 
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special make of regrister. Wall regristers have ligrhter bars 
and for the same net area have somewhat smaller grross 
area. 

G. R. = (1.5 to 2) times the net regrister (40) 

Round regristers may be had if desired. Register sizes may 
be found in Tables 19 and 21, Appendix. 

B6. Heat Staclut — The vertical ducts delivering: air to 
the regristers are called stacks. To install the proper sized 
stacks in any heating: system is very important. By some 
desig'ners the cross sectional area is taken a certain ratio 
to that of the net register. This has been quoted anywhere 
from 50 to 90 per cent. Prof. Carpenter suggests 4, 5, and 6 
feet per second respectively, as the air velocities for stacks 
leading to the first, second, and third floors. Mr. J. P. Bird 
(Metal Worker, Dec. 16, 1905) used 280, 400, and 600 feet per 
minute, which is approximately 4.5, 6.5, and 8 feet per second 
for the respective floors. The cross sectional areas of the 
heat stack, with velocities 4, 5.5, and 7 feet per second, are 

5^X55X144 .00917/ 1st floor 

H. S. = = .0066 H 2nd floor (41) 

60 X (4, 5.5, or?) X 3600 .0052 fT 3rd floor 

Rule. — See rule under net heat registers with changed value 
for velocity. 

The theoretical air velocity in the stack is based upon 



the equation v = y/2gh, where h = (effective height of 
stack) X (^ — t') 4- (460 + t'); v is in feet per second; * is 
the temperature of the stack air; and V is the temperature 
of the room air. The calculated velocities from this equa- 
tion are much higher than those that obtain in practice be- 
cause of the retarding influence of the shape of the cross 
section, the friction of the sides, and the abrupt turns in the 
stack. 

Assuming the net register to be figured at 3.-5 feet per 
second, the quotations by Carpenter and Bird give heat 
stack areas for the first fioor, 88 and 75 per cent.; second floor, 
70 and 53 per cent.; and third fioor, 58 and 42 per cent, of the 
net register. Good sized stacks are always advisable (See 
Art. 71> but because of the limited space between the stud- 
ding it becomes necessary at times to put in a stack that is 
too small or to increase the thickness of the wall, a thing 
which the architect is occasionally unwilling to do. From 
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the above figures, checked by existing: plants that are work- 
ing satisfactorily, the following approximate flgrures will 
give good results. 

.008 H = .SN. H. R., first floor 
IT. 8. = .OOQH = .QN.H.R., second nooT (42) 

.005 H = .5N. H. R., third floor 

57. Vent and Return Stacks i — Estimated in the same 
manner as the N. V. R., these may be made 

V.8, ) 

> = .1 H. 8. (43) 

R.8.J 

As a matter of practice it will be satisfactory to make these 
stacks in average residence rooms, one or more tin stacks, 
full opening between studs; the total cross sectional area 
approximating the equation.- 

58. Leader Pipes: — Since all the air that passes through 
the stacks must pass through the leader pipes, it might be 
assumed that the cross sectional areas of the two would be 
equal. There are two reasons why this should not be. Be- 
cause of their vertical position, stacks offer less frictional 
resistance, area for area, than leader pipes with their small 
pitch and abrupt turns. Also there is some drop in tem- 
perature as the air passes through the leader pipes, conse- 
quently the volume entering from the furnace is greater 
than that going up the stack. Considering these points it 
would be well to make the area of the leaders 

(.008 to .009) H = (.8 to .9) N. H. R., flrst floor 
l.P. = (.006 to .007) H — (.6 to .7) 7^. H. R., second floor (44) 
(.005 to .006) E — (.5 to .6) tJ. H. R., third floor 

the exact figures to depend upon the length and inclination 

of the leader (See Art. 69). 

50. Fresh Air Duett — The area of the fresh air duct is 
determined largely by experience as in the case of the vent 
and return lines. It is generally taken 

F. A. D. = .8 times the total area of the leaders (45) 
Assume the average velocity of the air in the leaders to be 
6 feet per second and the area of the fresh air duct to be as 
stated, then if the air in each were of the same temperature, 
the velocity in the fresh air duct would be 6 -i- .8 = 7.5 feet 
per second; but since the temperatures are different, the 
velocities will be in proportion to the absolute temperatures. 
In this case — 0", .78 X 7.5 = 5.8; at 25*, .82 X 7.5 = 6.2; and 
at 50*, .88 X 7.5 =r 6.6 feet per second. It is seen by this 
that although the area of the fresh air duct is contracted to 
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80 per cent, of that of the leaders, the velocity is below that 
of the leaders. It is always well to have a fresh air duct 
that is simple in cross sectional area and free from obstruc- 
tions and sharp turns. 

60. Grate Areai — The grrate area of a furnace is esti- 
mated from the total heat loss, assuming the quality of the 
coal, the efficiency of the furnace, and the pounds of coal 
burned per hour per square foot of grrate. The heat value 
of the coal will be between 11000 and 14000 B. t. u. per 
pound as shown in Table 15, Appendix. The efficiency of the 
averaere furnace is approximately 60 per cent., and the coal 
burned per square foot of grrate per hour rang:es from 3 to 7 
pounds (See Art. 61). Furnaces are chargred from two to 
four times each twenty-four hours. This requires a good 
sized fire pot and a possibility of banking the fires. To 
allow 5 pounds per square foot of grate per hour is as good 
an average as can be made for most coals in furnace work. 
Let H' =. total heat loss from building including ventilation 
loss, E = efficiency of furnace, f = value of coal in B. t. u. 
per pound, and p r: pounds of coal burned per square foot 
of grate per hour. The equation for the square inches of 
grate area is 

W X 144 

G. A. = (46) 

E X f X P 

Rule. — To find the square inches of grate area for any furnace, 
multiply the total heat loss from the building per hour by one hun- 
dred and forty -four and divide by the quantity found by multiplying 
the total pounds of coal burned per hour by the heat value of the 
coal and the efficiency of the furnace. 

Application. — In the typical residence (Art. 62), ff on a 
zero day is 110574 B. t. u. per hour. This will require 101000 
cubic feet of air per hour as a heat carrier. Assuming as a 
maximum that ten people will be in the house and that they 
will need 18000 cubic feet of fresh air per hour for ventila- 
tion, this air will carry away approximately 22900 B. t. u. 
per hour, making a total heat loss from the building of 
133474 B. t. u. per hour. If the furnace is 60 per cent, effi- 
cient and burns 5 pounds of 14000 B. t. u. coal per hour per 
square foot of grate, we have 

133474 X 144 

O. A. = = 458 square inches = 24 inches 

.60 X 14000 X 5 

diameter. With coal at 13000 B. t. u. per pound, the grate 
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would be 493 square inches or 25 inches diameter; at 12000. 
534 square inches or 26 inches diameter; at 11000, 582 square 
inches or 27 inches diameter. 

In any specific case it would be wise to estimate the 
grate size from the heat value of the poorest grrade of coal 
likely to be used. In this case the estimated diameter ot the 
ffrate varied three inches between coal samples nominally 
rated at 14000 and 11000. This variation is too great to be 
overlooked in the selection of furnaces. With the assump- 
tion made above, the equation becomes O. A. =: .0035 H- for 
the better grades of coal, and O. A. = ,0044 H' for the poorer 
grades. For the average coals a fairly safe value is 

G. A. square inches = .004 H' (47) 

61. Heatins Surfaces — The right amount of heating sur- 
face to require in any furnace is rather an indefinite quan- 
tity. Manufacturers differ upon this point. Some standards 
niay soon be expected but at present only rough approx- 
imations can bfe stated. One of the chief difficulties is in 
determining what is, or what is not, heating surface. Some 
quotations no doubt include surfaces that are very ineffi- 
cient. In estimating, only prime heating surface should be 
considered, i. e., plates having direct contact with the heated 
flue gases on one side and the warm air current on the 
other. If these plates transmit K, B. t. u. per square foot 
per degree difference of temperature, tz, per hour; and if one 
square foot of grate gives to the building E X f X P B. t. u. 
per hour, there will be the following ratio between the 
heating surface and grate surface: 

H.S. Efp 



(48) 
G. S. K tz 

Application. — ^With Ktz = 2500 (Trans. A. 8. H. d V. E., 

Vol. XII, p. 133; also, Jour. A. 8. H. & V. E., Jan. 1916) and the 

same notations as in Art. 60. 

ff. 8. .6 X 14000 X 5 



= 17 



G. 8. 2500 

In practice this ratio varies anywhere betwen 12 and 30. 

Prom investigations by the Federal Furnace League (now 
The National Warm Air Heating and Ventilating Association), 
furnaces showed an average of 1^^ square feet of direct 
heating surface and 1 square foot of indirect heating sur- 
face, making a total of 2% square feet of average heating 
surface per pound of coal burned in the furnaces per hour. 
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In the tests of these furnaces combustion rates as high, as 
eight pounds of coal per square foot of grrate were obtained. 
At this rate of burning: the ratio of the heatingr surface to 
the grrate surface is 20 to 1. It is the opinion of the author 
that althougrh grood service is obtained in tests by combus- 
tion rates as higrh as eigrht pounds, furnaces should be 
selected at a lower value, say five pounds. 

62. Application of the Above Equations to a* Ten Room 
Residence I — In every desigrn, complete calculations should 
be made and the results tabulated for easy reference and 
comparison. Such a tabulation is shown in Table XII, which 
grives all the calculated quantities (in some cases modified 
to suit standard sizes) necessary in the installation of the 
furnace system illustrated in Figs. 17, 18 and 19. The value 
of condensing the work in this way facilitates checking and 
the detection of errors. For satisfactory use plans should 
be drawn to scale and accompanied by sectional elevations. 
The scale should be large enough to be convenient in pro- 
ducing and so the drawings may be easily read. Locate the 
building with reference to the compass points and state cell- 
ing heights and the principal dimensions of each room. The 
beginner will experience some difficulty in the calculations 
in making proper allowances where absolute values are not 
obtainable, such as exposures, ceilings, floors, closets and 
smaller rooms where heat is not provided for. The personal 
element enters into this part of the work very much and a 
thorough practical experience is of great value. 

In estimating O the simplest and most convenient 
method is to take it the full area of the sash. That is to 
say, take the full window opening as glass. Values of K 
for glass have been quoted from .9 to 1.25 by various author- 
ities. It is the opinion of the author that where the full win- 
dow opening is used as glass it will be best to make JT = 1. 
In Tables VI and XII this value is used. Referring to the 
Living Room, adding four inches to the width and five inches 
to the height of each window gives 73 X 52 and 73 X 32 
inches respectively = 42 square feet total. 

Floor registers are shown on the first floor plans but 
these may be shifted to wall registers if preferred. Tabula- 
tions in Table XII show vent registers and ducts in each 
room. These values may be used for return registers and 
ducts also. Return lines should be run from each second 

floor room excepting Bath; also from Study. Dining Room 

\ 
I 

\ 

\ 
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and Reception Hall on the first floor. Increase the size of 
the return register in the Hall from 12-in. x 18-in. as calcu- 
lated to 16-in. X 20-ln. and omit the return in the Living 
Room. Vent registers should be run to the attic from the 
Bath Room and Kitchen and from such other rooms as de- 
sired by the owner. 

Where the calculated area of stacks is too great to be 
included between the studs of a 4-inch wall, a 6-inch wall 
should be put in. Stacks on the first floor are omitted and 
where wall registers are used, a floor- wall type is recom- 
mended. 

The heat line to the Bath Room is a very bad arrange- 
ment but is about the best that can be done with the present 
room plans. To overcome the effects of the cold wall and 
the resistance of the offset in the floor, set the stack in an 
offset within the Kitchen and enter and leave the floor hori- 
zontal by a good sized turn. Avoid sharp corners. 

In selecting the various stacks and leaders it may be 
well to standardize as much as possible and avoid the extra 
expense of installing so many sizes. This can be done if 
the net area is not sacrificed. 

Diameter of grate allowing ventilation for ten people = 
26 inches. Cold air duct = 600 square inches = 20 X 30 
inches. 



References. — Trans. A. S. H. & V. E.. Rational Methods 
Applied to the Design of Warm Air Heating Systems, Vol. 
XXI, p. 389. Engineering Data for Designing Furnace Heat- 
'ng Systems, Vol. XXI, p. 519. 
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TABLE XII. 
H From Equation 26. 
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Fig. 19. 
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63. Determination of the Best Oatslde Temperature to 
Use in Deaiirn and tiie Coats Involved la Heatlns by F«r- 
naeesi — As a basis for the work of the heating: and ven- 
tilating engrineer it is necessary that he be well acquainted 
with the temperature conditions in the locality where his 
services are employed. He should compile a chart showing 
extreme and average temperatures covering: a period of 
years and with this chart a fairly safe estimate may be 
made upon the costs involved in operating: any heating: and 
ventilating system during any part of the averagre season 
or throughout the entire heating season. Any estimated 
costs of operation are only illustrative of method and prob- 
ability. All one can say is that if the temperature in any 
one season averages what is shown by the average curve for 
the period of years investigated, the cost in operating the 
system may be easily shown by calculation. Heating costs 
are relative values only and cannot be determined exactly 
except under test conditions. 

The heating engineer should also know the minimum 
outside temperatures covering a period of years in that 
locality to determine an outside temperature for his design 
work. Every design is a compromise between average and 
extreme conditions, approaching the extreme rather than the 
average. Patrons expect heating systems to be designed to 
give normal temperatures in the rooms on all but a few of 
the coldest days. Extremely low temperature conditions 
have a duration of from tw^o to three days and it would not 
be good engineering from an economic standpoint to design 
the system large enough to heat to normal inside tempera- 
ture on the coldest day experienced in a period of years. 
The plant would be too large and would require too much 
financial input. As an illustration of the method of obtain- 
ing the outside temperature to be used in design, also meth- 
ods of determining approximate costs for heating, see Pig. 
20. The low central curve is plotted from the average tem- 
peratures on each of the days respectively between Septem- 
ber fifteenth and May fifteenth, covering a period of thirty 
years, at Lincoln, Nebraska. The minimum temperature for 
December, 1911, and January, 1912, (regarded as a period of 
unusual severity) are included. Referring to the chart It 
will be seen that this cold period reached its minimum tem- 
perature of — 26 *• on January twelfth. Assuming this curve 
to represent the most severe weather in this locality, a study 
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of conditions may easily determine the best outside tempera- 
lure to be used in design. There were twenty ijays when 
Ihe temperature was below zero, twelve days below — B", 
sii days below — 10°, two days below — 20°, and part of one 
day below —35". Bach o( the extreme and sudden drops 
were such as to last from two to three days and were only 
tiperlenoed In two or three instances. It is very evident 
that ^ system designed for 0° outside would fall short.or 
the requirement even when put under heavy stress. On the 
otlifr hand one designed for — 25° outside would actually 

TIHKMIIRE-CllRT-UW-IUT-Lett-rM-inMtt-TCU. 



Fig. 20. 

™me up to its capacity for only a part of one day out of 
"le 240 heating days. One designed for —10° would fulfill 
''onditiona without forcing^ excepting at two or three periods 
"' very short duration, at which times the system could be 
forced sultlclentty without detriment. The personal equa- 
'lon enters into the calculation of the heat loss somewhat 
i-iid there will be some difference of opinion concerning 
Which to use, — 10° or —15°. Probably the latter would b' 
a safer value. All that Is necessary is to plan for amp 
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service at all but one or two of the cold periods of short 
duration and the system will be considered very satisfactory 
from the standpoint of size and capacity. Any additional 
amount put in would be an investment of money which is 
scarcely justified for the small percentage of time that this 
additional capacity would be called for. 

After the minimum outside temperature has been de- 
cided and the plant is desigrned one would like to know the 
probable expense in handllncr such a plant througrhout the 
heating: season. Assume an inside temperature throughout 
the buildinff of 70 •. Combine the two half months, September 
and May, into one month, and take the average of these 
averagre temperatures for the days of each month, thus giv- 
ing: the drop in temperature between the inside and the out- 
side of the building:. The heat loss from the building Is 
approximately proportional to these drops in temperature. 
In this case the differences are as follows: 

September + May 1" below 70* 

October 17* below 70^ 

November 32.3* below 70* 

December 44** below 70* 

January 48.7* below 70" 

February 45* below 70" 

March 34* below 70" 

April 19.5- below 70^ 



kO 



Taking the sum of all these differences as the total, 100 per 
cent., and dividing each individual difference by the total, 
we have the percentages of loss for the various months as 
follows: 

September + May 2.84 per cent, of total yearly loss 

October 6.86 

November 13.05 

December 17.77 

January 19.67 

February 18.20 

March 18.71 " " " 

April 7.90 



<< l< t* «4 



« 



Total 100.00 

These percentages of loss indicate what may be expected 
in the expense for coal for the respective months of the 
average heating year in the locality stated. Upon thlB 
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basis. Ftg, 20 represents* an application of the above to a 
residence having a heat loss, £f, approximating 100000 B. t. u. 
per hour. The results are shown in B. t. u. loss and in tons 
of coal per year, assuming that the entire house Is healed to 
"0' upon the Inside for each hour between September flt- 
teenth and May flfteenth. The lowest curve is that for 
direct radiation only. The next superimposed c 
outside air for (en people. The third ci 
of the required air to be recirculated and the upper curve 
aesumes all the air to be from the outside. 

«. Filtering, WbhIiIiik and Humidify Ins Furnace Alii — 
Two objections frequently urged against Indirect heating 
are the dust content and the dryness of the circulated air. 
It Is possible to overcome both of these objections in the 
Inrger mechanical plants, but In small furnace plants where 
the circulated air moves wholly by convection but little 
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a simple arrangrement. Havlnir driven a furnace heating 
plant, provide an air mixing: chamber for the fresh and recir- 
culated air, install a- spray head (a ^- or %-inch pipe built 
in the form of an ell or tee, with the ends plugg^ed and the 
bottom drilled with A -Inch holes), from this spray head sus- 
pend unbraided ropes, hemp strands, linen strips, wicking 
or layers of cheesecloth kept wet by water drips and com- 
pel the air to weave its way through thes6 wetted surfaces 
to the furnace. Much of the dust and other mechanically 
suspended particles in the air will be deposited on the 
fibrous material and Anally washed to the. sewer. Because 
of the low pressure head moving the air in such a plant no 
unnecessary resistances should be put in. The chief objection to 
the system shown is the water waste which may be any 
amount, from just enough drips to keep the eliminators 
moist, to the full jet outlet under pressure. Water waste 
may be almost wholly eliminated by catching it in a metal 
basin and recirculating it by means of a small electric pump, 
as in Fig. 21, h. But here again is the expense of operating 
the electric motor and the cost of the small amount of water 
that is thrown away when flushing and refilling. The oper- 
ating expense in any of these systems is not excessive as 
shown under the application. Where air washing is not con- 
sidered, humidity conditions may be cared for by evaporating 

pans as suggested by 
Figs. 22, (fl) and (6). 





Fig. 22, 



(b) 



Application. — A ten-room residence circulating not to ex- 
ceed 100000 cubic feet of air per hour has a fresh air duct 
(or recirculating duct) 4.2 square feet in cross-sectional 
area. Because of the resistance offered to the circulating: 
air let the area be 16 square feet at the filter, say 4-ft. x 4-f t. 
Let the spray head be a single line 4 feet long with ten, 
^-inch holes on the under side. What will It cost to operate 
such a washing plant for a day of 15 hours under maximuiTi 
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water flow breach of the two systems, i. e., the waste water 

system, where the water is 'run to the sewer continuously, 

and the recirculating system where the only loss is that due 

to occasional flushing". City water may be assumed to have 

a pressure of 50 pounds per square inch and to cost 15 cents 

per 1000 gallons. Electric current may be had for 10 cents 

per K. Vi. At a gage pressure of 50 pounds, a ^^-inch hole 

will jet approximately one cubic foot of water (62.5 lbs.) per 

hour. Ten holes, therefore, w^ill waste to the sewer 625 

75 

pounds (75 gals.) per hour. This water will cost 15 X = 

1000 
1.125 cents per hour, or 16.8 cents for a 15-hour day. 

The electric motor pump may be made to circulate a 
sufficient amount of water without waste, at a pressure 
much less than 50 pounds. For comparative values in cal- 
culation call the pressures the same. With an efficiency of 
the motor pump 40 per cent., the work done per hour by the 
motor is (625 X 50 X 2.3 X .746) -i- (33000 X 60 X .40) = 
.068 K. W. At ten cents per K. W. this is .68 cent per hour 
or 10.2 cents for a 15-hour day. No allowance is here made 
for the small amount of friction loss in the nozzles and 
pipes as these vary greatly with the amount of pipe and the 
pressure under which the system is run. The amount lost 
in evaporation is the same in each case. " 

In the two estimated values, that for the waste water 
system would probably decrease in the average plant be- 
cause of a saving of water by throttling the supply, while 
that for the pumping plant would probably increase slightly. 
A very fair estimate in either case is one cent per hour for 
maximum service. This is sufficiently large to allow for a 
material increase in the number of the jets above that given. 
Where an electric motor pump is used to circulate the 
water or where the city supply is used without throttling, 
the filters may be omitted, the duct may be uniform in sec- 
tion and the spray head may be located across the bottom of 
the opening with the holes pointing toward the top of the 
<luct. In this way the spray is broken up by contact with 
the deflector at the top of the duct and falls as a mist 
through the air current. 

It would be of interest here to briefly discuss the prob- 
''We temperature and humidity effects upon the circulating air 
w'ithin the residence if a washing plant of this character 
were installed. This section is offered as a fair probability 
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in the absence of collected data. For basis of argrument, 
assume the followinsr: 100000 cubic feet or air circulaied 
per hour at the regrister, register temperature 120", no re- 
circulated air used, temperature outside 50". temperature 
inside 70", humidity outside 50 per cent., humidity inside 45 
per cent. What amount of water is absorbed per hour? 

100000 cubic feet of air at 120" at the register 4s equiv- 
alent to 87930 cubic feet at 50" on the outside and 91380 
cubic feet at 70" in the room. The amount of moisture in a 
cubic foot of saturated air on the outside at 50" is 4 grains 
and at 50 per cent, saturation would be .50 x 4 = 2 grains. 
Correspondingly in the room air at saturation we have 7.98 
grains and at 45 per cent, humidity .45 X 7.98 = 3.59 grains. 
The total amount of moisture in the incoming air is 87930 X 
2 = 175860 grains (25.12 lbs.) per hour. The total amount 
of moisture in the room air is 91380 X 3.59 = 328054 grains 
(46.8 lbs.) per hour. It is evident that the difference be- 
tween these two amounts (46.8 — 25.12 r= 21.73 lbs.) has 
been added per hour from the washing water (See Art. 27). 
In this way the weight of water absorbed may be worked 
out theoretically for any temperatures and for any humidities. 
The actual amounts absorbed, however, may vary consider- 
ably from the theoretical figures because of the wide range 
in temperatures and humidities between the incoming and. 
outgoing air and the shortness of time the air is in actual 
contact with the water. 

Close regulation of the humidity of such a plant is a diffi- 
cult problem. The humidostat, if used, necessarily acts to 
control the amount of water flowing. When the humidity 
is high this cuts oflf the flow of water, in which case the 
apparatus ceases to serve as a washer. From what is 
known of such plants it i*s probable that the humidity of 
the air after passing the furnace is never high enough to 
give much concern and the humidostat may be eliminated. 
The location of the spray head, in the cool air chamber, re- 
tards the absorption process because cool air takes up 
moisture with less freedom than warm air. Even assuming 
that the cool air is fully saturated as it enters the furnace, 
the humidity will drop so rapidly as the air is heated that 
there will never be any danger of depositing moisture on 
the furniture of the room. To illustrate. — In the above 
problem assume that the 50" air is saturated as it enters 
the furnace (a condition it will seldom reach). When heated 
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to 70' the humidity will be 52 per cent., which is a very sat- 
isfactory amount. Agraln, if the outside air is 60* and sat- 
urated as it enters the furnace, the humidity, when raised 
to 70" will be 75 per cent., an amount that would still cause 
the air to be agrreeable. Now what happens at low tempera- 
tures? If the entering air is saturated at 40*, the humidity 
at 70* would be 37 per cent. From this it would seem 
that a humidostat, for the purpose of controlling the moist- 
ure, would be of very little service unless the air were cir- 
culated for purposes of ventilation at or near 70* and satura- 
tion, a state of affairs very seldom asked for in residence 
work. 
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caainga having a dead air space or an asbestoa Inaulatlon be- 
tween them. Some o( the larger furnacen used In the larger 
reeldenoes, small achools, etc., have permanent casements 
of brick work as In Fig. 24. Both types of furnaces give 



good reaulta. The points usually gove 
tween portable and permanent setttni 
ity, price and available floor space. 

The stoves are made of cast iron, wrought Iron and 
Kteel. The east stove admits of a greater variety of shapes 
than those made of rolled plates hence it Is more commonly 
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used. The aectlona are assembled with cemented Joints 
while the rolled sectiona are riveted. The_chie( objection 
lo the cast stove Is the frequent leakage of fuel gases from 
the combustion chamber to the warm air paasages. In a 
properly designed and set up caat furnace there should be 
little exeuBe for leakage. When It does occur, examine the 
cement in all the JolntH especially around the door openings, 
it is claimed by some that the heated cast iron plates permit 
Ihe passaee of some of the gases directly through the metal. 
While this may b^true to a certain degree in comparison 
»lth rolled materials «uch as steel, there Is little doubt that 

to broken cement Joints. In general, the (ewer the Joints 



Pig, 24. 
In a furnace stove the better. On the other hand cast Iron 
"■rrodes less than rolled plate and the heavy cast walls of 
Ihl8 type act as a storage for heat and tend toward less 
Buctnatlon of air temperature. 

Furnaces are d^recl-dm/l and indirect-draft. In tbe dlrect- 
flrad type tj^e radiator (heat diatributor) la above the flro 
»nfl the gas passages are usually short and fairly direct to 
the chimney. In the Indirect-draft type the radiator Is be- 
l"" the Are and the gases are flrst deflected downward over 
"le radiator and then upward to the chimney. In thia type 
there should always be a by-paas, properly dampered, so 
thM when there Is a lack of draft due to a cold chimney 
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the fuel IH fed to the flre pot from a 



door above the (Ire. These are called lop-feea furnaces. In 
some forma the fuel is fed up through the center of a rotary 
ring grate. These are called vndcrfveil furnaces (Pig. 25) 
and for the finer grades of coal are preferred to the top-feed 
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room Hpaca as given In Table EO, Appendfu. A better and 
safer way, and one that serves'aa a good check on the 
above, is to select the furnace from Ihe calculated grate area 

A com»inaticn funiace and heater Is shown In Figr. '26. With 
It some o( the rooms of a residence may be heated by warm 
air and the remainder by hot water or steam. In this way 
rooms to be ventilated as well as heated may be connected 
by the proper stacks and leaders to the warm air deliveries, 
while rooms requiring less ventilation or heat only, or those 
rooms that are difficult to heat with air circulation may 
have radiators installed and connected to the Dow and re- 
turn pipes of the water or steam system. 



pipeleaa lumaccs are manufai^tur 
xmall residences and the lilie. In t 
riiunded by two Independent casing 
pipe furnace, heated air circulatt 
stove and the inner casing and reti 
Ihe casings. The top of the furns 
stack capped by a combination hot-and-cold i 
Ihe floor line of the first floor room. The Ci 
ihe register supplies air to the room and the o 
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carries cold air from the room to the furnace. All air Ib de- 
livered to one room and from here cLrculatea to and from 
the other rooms o( the house through transoms, open doors, 
etc. Fig. 2T shows the principle of operation. Compared 
with other furnace plants the application of this type is 



FlB. 27. 

muoh simpler and the Installation cost Is less. Its satis- 
factory application Is limited to those building's having' open 
Interior construction where the furnace may he centrally 
located and where every room has continuous opening: to the 
room above the furnace. Furnaces of this type are good 
heaters but have no ventilating possibilities. One of the 
objections usually found with this type of furnace la the 
presence of floor drafts In the room above the furnace. Since 
bath rooms, toilet rooms, laundries and kitchens are usually 
not connected to the return circulation, these rooms are dif- 
ficult to heat from the pipelesB furnace. 

Boom Heaters (slightly modified forms of standard fur- 
naces) may be obtained for use in sniall buildings having no 
basements. Such furnaces should have well Insulated metal 
jackets to protect the nearby room furnishings from exces- 
sive heat. The circulating air may be taken from the out- 
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side of the building: in about the same way as a direct-in- 
direct radiator (See Art. 102), or may be recirculated from 
the room, entering: the bottom of the furnace at the floor 
line throug^h a reg^ister base, and leaving: from the wide 
open top of the furnace. A vent flue for the room is usually 
provided by the side of or in connection with the chimney or 
smoke flue. Room heaters are naturally not desired be- 
cause of their appearance but they are effective heaters and 
where properly installed may give fair ventilating effect. 
The one serious objection to the room heater, other than its 
a{)pearance, is the presence of floor drafts as in the pipeless 
furnace. 

One of the most important points in the selection of any 
furnace is its cleaning possibilities. If there is a probability 
that soft coal may be used at any time the furnace should 
be provided with clean-outs so situated that all parts of the 
gas passages may be reached by flue swabs. 

Care must be exercised also in the installation of the 
furnace to protect the nearby combustible material from 
fire- Smoke pipes, especially, must have ventilated thimbles 
giving at least 2-inch air space all around the pipe where 
passing through combustible walls. 

66. liOcation and Setting: of the Furnace: — A furnace 
should be set as near the center of the house plan as pos- 
sible. Where this can not be done, • preference should be 
given to the colder sides (sides subjected to the heaviest 
winter winds), in most localities the north and west. In 
any case, it is advisable to have the leader pipes of uniform 
length and pitch If possible. The smoke pipe should be 
short, but it is better to have a moderately long smoke pipe 
and obtain a more uniform length of leaders than to have a 
short smoke pipe and leaders of widely different lengths. 

The furnace should be set low enough to give a good 
upward slope to the leaders from the furnace to the respec- 
tive stacks. This should be not less than one inch per foot of 
length and more if possible. Each leader should be dampered 
near the furnace. 

The location of the furnace will call forth the best 
judg:inent of the designer, since a right or wrong decision 
here Is very vital. 

Foundation. — ^AU furnaces should have the manufactur- 
er's directions to govern the setting. Such information is 
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UBUHlly followed. In every case the furnace should be 
mounted on a level, brick or concrete foundktion cBpeclaJl]' 
pr«p»red And well flnlahed with cement mortar on the inside, 
since this Interior Is In contact with the fresh air supply. 

9T. Fresh Air Dncti — Ducts below the floor are belt 
constructed of hard burned brick walls 4 Inches thick, con- 
crete walls S to S Inches thick or vltrlfled tile: the floors to 
be not leSH than 1-Inch concrete and the tops to be 1- to 2- 
Inch concrete slabs. The walla and floors of ths brick or 
concrete ducts should be smooth plastered with neat cement 
and all Joints should be tight. 

Ducts above the Door are usually made of galvsafied 
Iron. Where made of boarda they should be solid mftterial 
well tonsued and grooved. The riser from the main hori- 
lontal to the outside of the building may be of wood, tile 
or galvanized iron and the fresh air Inlet should be ver- 
tically screened. The whole fresh air line should have tight 
Joints and should be so conslructed as to be free from sur- 
face drainage, dirt, ruts and other vermin. 



FFWNT 




TRONT 



In addition to the opening: for the admission of lh<> 
fresh air duct, another opening or openings may be made 
under the furnace for the purpose of admitting the duct 
which carries the recirculated air from the rooms to the 
furnace (See Pig. 28). Occasionally the two ducts unite In 
a Y fitting before entering the furnace. In which case the 
fitting should be so constructed as to make the two uniting 
streams of air enter an nearly parallel as possible. Each of 
these ducts should have adjustable dampers so as to make 
them independent of the other. Each duct also should be 
provided with a door that ean be opened temporarily to the 
basement for Inspection and cleaning. Sometimes It Is de- 
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o or mor« fresh air ducts leadtng From 
t sides of the house to get the benefit of any 
change In air pressure on the outside of the buildlngr (See 
also Figs. 16 and 17). 

ArranKements may be made for pans o( clear water in 
IKe air duct entering the furnace (See Art. «4) to give 
moisture to the air current, but it should be understood that 
only a small amount of moisture will be talien up at this 
point from still water surfaces. In most cases where moia-  
tuning pans (commonly called leattr pans) are used, they are 
Installed in connection with the furnace itself. Furnaces 
sKould have special means provided for moistening the clr- 
ciiiated air. The water pan Is a step in the right direction, 
but (his alone is not suRicient (See Art. 2T). 

•8. ReclrcalottnK Dactm — Ducts should be provided 
lin the building, through the basement 



-0 (he bottom of 
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ted for use again 
ding. Redrcvlating the air ffivcs a more positive 
Rooms difficult to heat without reclr- 
)d with its use and rooms at a distance 
from the furnace should always have it. Frequently a num- 
ber of rooms are grouped together on one return line. Small 
residences may have but one return line leading from the 
return register in the front hall near the iloor. Return lines 
should be grouped in the base- 
ment to simplify the system and 
to avoid making many openings 

turn staclis should be light tin or 

galvanized Iron built-in between 

\ the studding of the outside walls 

i and need not be insulated, Con- 

I tractors usually omit these metal 

9 ducts between the studs, and the 

'dust from the rooms settling on 

the rough surfaces of the studs 

^ and sheathing makes an unsani- 

^^ tary condition. In like manner 

mtly slighted by tinning un- 
wo adjoining Joists (hv 
ng the duct. Such constrt 
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lion should not be permitted. All vertical return lines and all ex- 
posed horizontal runs between the return registers in the rooms and 
the attachment at the furnace, should he tin or galvanized iron toith 
tight joints. (See Fig:. 29). Avoid overhead return ducts near 
the furnace. In some installations it is necessary to carry 
these ducts alongr the basement ceiling* part way across the 
basement but the drop to the floor should be made at such a 
distance from the furnace that the air in the vertical return 
will not be retarded in its fall by the heat from the furnace. 
69. Leaderai-^All leaders should be round and free 
from unnecessary turns. They should be made from No. 24 
or No. 26 gralvanized iron or tin, should be run as straigrht 
as possible and should be well supported. Connections with 




a. 








Fig. 30. 

the furnace should be straight, but if a turn is necessary, 
provide long radius elbows. All connections to risers or 
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stacks should be made through long radius elbows. Rec- 
tangular shaped boots having attached collars are frequently 
used but these are not satisfactory because of the impinge- 
ment of the air against the flat side of the stack; also, be- 
cause of the danger of the leader entering too far into the 
stack and shutting off the draft. Leaders should connect to 
first floor registers by long radius elbows. Leaders should 
have as few joints as possible and these should be made firm 
and air tight. Fig. 30 shows different methods of connecting 
between leadei*s and stacks, and between leaders and regis- 
ters. 

Leader pipes should be covered to avoid heat loss and to 
provide additional safety to the plant. The covering usually 
put on is one or two thicknesses of asbestos paper laid with 
face contact. As a heat insulator this is little better than 
the bare pipe. A better way is to have the layers of as- 
bestos paper separated by spiral wrappings of wire, air cell 
material or mineral wool to give dead air spaces. Leaders 
passing through combustible walls must have ventilated 
thimbles, giving at least a 1-inch air space all around the 
leader. 

70, Resifiter Connections: — The most efficient first floor 
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Fig. 3L 



warm air intake Is through a floor register. Fig. 31a shows 
a galvanized floor box enclosing a floor register and con- 
nected to the leader by a round elbow. Floor registers give 
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the freest circulation that can be obtained in Qrat rioor fur- 
nace heating, but they are dust catchers and unsanitary; 
also, tn rooms having hard wood floors and special turplsh- 
InsH they are not usually permitted. In such cases the tlo<fr- 
wall rcgialer may be used as in Fig. 31 b. This type baa a boi 
and leader opening much larger than is possible with a wall 
stack and compares favorably with the floor type. The ap- 
pearance of the floor-wall reslster as a feature at the room 
lurnlBhlngs and Its sanitary qualities are enough better Chan, 
the floor type to Justify Its general use. On the second floor 
a stack is necessary and the wall regiiler Is generally used 
(Fig. 31c). Where these are Installed the upper end o( the 
stack should terminate In a quarter turn to throw the warm 
air toward the room and avoid eddy currents at the dead end. 
All intake registers to the rooms and vent registers 
leading to the attic should be provided with abutters. Re- 
turn lines may have register faces only. For large register 
(aces where strength Is not an Important factor, grilles 
made from latticed wood strips are fre- 
quently used. Fig. 31 (f shows one of these 
under a hall seat. For calculations and 
sizes of registers see Arts. 53-66, and 
Tables 19 and 21, Appendix. 

71. Stacks or Rlfleni — The vertical air 
pipes leading to the registers are called 
liacks or rlsfra. They are rectangular tn 

wall (See Fig. 32). The size of the stud- 
ding and the distances these are set. cen- 
ter to center, limit the effective area of 
the stack. All stacks should be insulated 
to protect the woodwork. This is done by 
making the stack small enough to clear 
the woodwork by at least 14 -inch and then 
wrapping it with some nonconducting ma- 
terial such as asbestos paper or hair felt 
held In place by wire. Patented dotifilc 
tcnlled stark:! having an Insulating air space 
between the walls are more nearly flre- 
oof. All stacks should have tight joints and should have 
rs or flaps for fastening to the studding. Patented stacks 
e made in standard sizes and of various lengths. Sizes or- 
narily used in practice are given tn Table 17, Appendix. 



Fig. 33. 
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A stack is sometimes run up in a corner or in some re- 
cess in the wall of a room where its appearance, after being 
finished in color to compare with that of the room, is not 
unsightly. This is necessary in any case where the stack 
is installed after the building is finished. It is also pre- 
ferred by some because of its additional safety and because 
more stack area may be obtained than is possible when 
placed within a thin wall. 

All stacks should be located in or near partition walls 
looking toward the outside or cold side of the room. This 
location protects the air current from excessive loss of heat, 
as wojild be the case if placed in the outside walls. It also 
provides a more uniform distribution of the air from the 
furnace. 

The area of the stack best adapted to any given room 
should not be taken by guess (See Art. 56). In a great 
many cases the architect specifies light partition walls be- 
tween large upper rooms, say 4-inch studding set 16-inch 
centers between 12-fobt by 15-foot rooms, heavily exposed. 
Prom the theoretical calculations of heat losses, these rooms 
require larger stacks than can be placed between studding 
as stated, but it is very common to find such rooms provided 
for in this way. One possible excuse for such practice may 
be the fact that most second floor residence rooms are de- 
signed for sleeping rooms and not for living rooms. Regard- 
less of this fact, however, it would be well to provide for 
all emergencies and follow the rule that every room should he 
provided toith facilities for heat as if it were to be used as a living 
room in the coldest weather. If this were done there would be 
fewer complaints of defective heating plants and less mi- 
grating from one side of the house to the other on cold days. 

Lack of heating capacity for any one room may be over- 
f'ome by providing twp stacks and registers instead of one. 
This plan will be fairly satisfactory since one of the regis- 
ters may be shut off in moderate weather. It requires an 
additional expense, however, which is not justified. A better 
^ay is to provide partition walls of greater thickness or 
specially planned-for stack openings, so that ample stack 
area may be piit in. The ideal conditions will be reached 
when the architect anticipates the heating requirements ar 
provides air shafts of sufficient size to accommodate ro" 
^T nearly square stacks. 
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Sing:le stacks are sometimes used to supply air to two 
adjoining: rooms. Such stacks have metal partitions extend- 
ing down a few feet from the upper end to split the air cur- 
rent and direct it to the rooms. This practice is question- 
able because of the liability of the pressure of air in the 
room on the cold side of the house forcing the heated air 
around the partition to the other room. Also, single stacks 
are frequently used to supply rooms one above the other. 
This is not satisfactory except where the regulation in each 
room is taken care of by the same person. When the upper 
register is full open it will rob the lower register and when 
the lower damper is full open the upper room gets no heat. 
A better method is to install a separ<it€ line for each room to 
be heated. 

Vent stacks should be located in the inner or partition 
walls and should lead to the attic. If it is thought neces- 
sary, they may there be gathered together in one duct lead- 
ing to a vent through the roof. It is an ideal arrangement 
but not always necessary to have a vent stack in every 
room. Some rooms, from their location, are easily ventilated 
without them. Bath rooms, toilets, laundries and kitchens, and 
rooms near the center of the house should always have independent 

ventilation. In any rooms where nat- 
ural ventilation is an important fea- 
ture, vent ducts to the attic should 
have two tappings, floor and ceiling, 
each provided with shuttered regis- 
ters. The floor vent should be used 
on cold days to economize the heat 
and the ceiling vent should be used 
on warm days. Such a system of 
ventilation may be used in connec- 
tion with direct-indirect radiators in 
Fig. 33. small schools (See Fig. 33). 

72. Air Circulation Within the Room: — The location of 
the heat register relative to the vent register, will determine 
to a great extent the circulation of air within the room. 
Fig. 34 a, h, c, and d, shows the effect of the different loca- 
tions in forced circulation. The best plan, from the stand- 
point of heating, is to enter the air at a point above the 
heads of the occupants and withdraw it from the floor line, 
at or near the same side from which the air enters. This 
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gives a more uniform distributton aa shown by the last 
figure. It is doubtful, however, if this method will give the 
beat ventilation In crowded rooms where the foui air nat- 
urally oolieete at the top of the room. Circulation in fur- 
nace heating is not as satisfactory as in other forms of in- 
direct heating:. Air Bsually enters the room from the floor 
or the Inner wail near the floor line and leaves for reclreula- 
llon near the Ooor line on the opposite or cold side. Circula- 
tion within the room Is shown by 6, Where there la no re- 
circulation it leaves through a vent register usually near 
the floor line and located at such a point that the air will 

n. Fan -Furnace HrntlnfE »«)-a(rni;— In lari^e furnace In- 
"lallations where the air Is carried In long ducts that are 
learly. if not quite horizontal and where a positive supply 
"f air Is a nocesBity in all parts of the building, a combina- 
lion fan and furnace system may be Installed, Such sya- 

lems but they should not be confused with the mechanical 
'an-coll systems described In Chapters X to XII. The objec- 
tions urged against the fan-furnace systems are the high 
teuijieratures of the circulating air and the smoke and dust 
™ntent picked up from the furnace. 

Fan-furnace sysfems may be set In multiple if desired. 
I. 6., one fan operatlngr In connection with two or more fur- 
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nace*. FtK- 3E represents a two-(urnace plant Bbowing a 
fan and two furnaces. Air Ih dr&wn Into tha fresh air room 
through a grate In the outside wall and Is forced througb 
the fan to the furnaces whera It divides and passes up 
throuKh each furnace to the warm air ducts. ' Part of the 
fresh air from the (an is by-passed over the top of the fur- 
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dampers. These dampers control the amount of hot an 
air for any desired temperature of the mixture. Temper 
control may be Installed and operated with this a; 
Paddle wheel fans falwaya located between the furnac 
air Intake) are preferred, although the disk wheel m 
used where the pipes are large and where the air mi 
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carried but short distances. For (an typea see Chapter X, 
74. Hot Air Bediator S^iitFmai — In some localitlea gas, 
either natural or manufactured, is uaed aa fuel for heating 
Piirpoaes. Wherever the supply Is available at rates com- 
mereially reasonable. It may be piped direct to radiators 
within the rooms and burned as in ordinary gas atovea, the 
products of combuatlon being circulated through the radla- 
lora and then exhausted. This is the principle o( the Rector 
lyitsia (Fig. 36). The gas supply to each burner la under 
double control: first, by a thermostat which maintains con- 
stant room temperature; second, by vacuum produced by the 
cihaust fan which acts as a safety appliance. For thermo- 



Fig. 36. 
swtic control see Chapter XIV, For vacuum control, a valve 
'n each radiator Is so arranged that when the vacuum tails. 
Huf to the stopping of the fan, gas Is shut off from the bur- 
ner, leaving only a pilot llg^ht flame. When the vacuum la 
iSBin produced by the starting of the fan, gas is admitted 
'0 the burner and Ignited automatically by the pilot light. 
The products of combustion pass upward to the top and then 
downward through the sections where Ihey are drawn off from 
Ihe bottom central connection by the exhaust fan. No water, 
"team or circulating mediums other than the 
Broducts themselves, are used. The (acts that i 
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lakes place within [he room to be heated, that the only loss 
o( heat Is that carried off by the exhausting sases and that 
each room Is an Independent unit give Just claim for high 
e/rielency in fuel economy. Such a system is practically 

the motor exhaust Ian. It is very convenient with Its flexi- 
bility and independence of units and is conducive to economy 
under careful management. The calculated radiator sur- 
face is less than that required for steam syatema^ because 
of the higher average Internal temperature. 

Gas radiators should not be placed close to woodwork or 
other Inflammable material. In general, advantages such as 
no janitor service, no coal storage spaces, no furnace chim- 
ney, no coal dust and dirt, and no ashes are inherent with 
these sy.stems. They are used In localities having mild 

In the Hiiufkes sysiem the exhaust fan and the automatic 
gas valve of the Rector system are eliminated. The products 
of combustion pass through radiators similar to those just 



Pig. 37. Fig. IS. 

1 but the exhausting of these products Is accom- 
plished by connecting each radiator to a stack, or by provid- 
ing a separate E-lnoh riser to the roof which acts as a stack 
for that particular radiator. The air necessary for burning 
the gas is admitted through slots near the bottom of each 
section of the radiator. All radiators are operated by hand 
control In the same way as the ordinary gas stove. Fig. 37 
shows the Hawkes ventilating gas radiator as commonly 
installed. \ 



•^n,. 



FURNACE HEATING 



117 



Hot air radiators heated by gas may also be of the in- 
direct type in which case they are designated gas floor fur- 
naces. Fig. 38 shows one of these furnaces connected to a 
first floor register. The operation is like that of the pipeless 
furnace, Art. 65. Above the furnace is a combination hot- 
and-cold air register which recirculates 'the room air over a 
sas heated cast radiator. Combustion takes place within 
the cast radiator and the gases are carried by vent pipes to 
the chimney. These furnaces are hand controlled at the 
register. 

75. Pire Hazard: — Protection against Are from heating 
apparatus is too little considered by the average house- 
holder. Several points in every furnace plant may be con- 
sidered danger points. These are, in the order of impor- 
tance: a loosely built chimney, the top of the chimney too 
close to a steep pitched shingle roof, wood work of the 
house fixed rigidly to the chimney, the smoke pipe from the 
furnace too close to the house framing, the top of the fur- 
nace unprotected and too close to the joists or basement 
ceiling, and the hot air pipes too close to the wood work. 
Especial care should be taken in protecting gas floor-heaters, 
as described in Art. 74. The ounce of prevention in such 
cases may be easily and cheaply applied, and should be in- 
sisted upon. 

76. Accelerating: Circulation in Furnace Plants i — Many 
furnace plants are not giving satisfaction because of slug- 
gish circulation. This trouble 
which in most cases may be 
traced to defective design, may 
be corrected as in Fig. 39, by 

"1 inserting a 12- to 16-inch disk 
fan in the return duct, prefer- 
ably below the inlet point of the 
outside air. The fan may be 
run when warming up the house 
in the mornings and at times of 
III severe weather. This may be 

r«r«8NACc connected to the average lamp 

p. „g socket and will cost from i^ to 

1 cent per hour depending upon 
the electric prices in the locality. 
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77. Snirs^ationa for Op«ratiBs FurBaeest — Furnaces are 
designated hard coal and soft coa2, dependingr upon the type of 
design and the construction of the grate, hence the grade of 
coal best adapted to the furnace should be used. The size 
of the openings in the grate should determine the size of 
coal used. 

Keep coal in coal pile moist but not wet. 

Clean all furnace gas passages frequently. 

Keep the fire pot well filled with coal and have it evenly 
distributed over the grate, firing light and often for best 
service. In a properly designed plant, when necessary, fir- 
ings may be as few as three or four per 24 hours and give 
good service. 

Keep the fire free from clinkers. They should be re- 
moved from the fire once or twice daily. It is not necessary 
to stir the fire so completely as to waste the coal through 
the grate. With a good chimney draft, some ashes just 
above the grate line will be a benefit in that it will retard 
the fire and tend toward less clinkering. Clinkers are formed 
with high volatile coals and strong draft through the grate. 
They are avoided hy slow and steady combustion, by having a thick 
fuel bed of live coals and by having slow draft through the grate 
(generally draft damper fully closed and small draft above the fire). 
The arrangement of these dampers will be determined by 
experience. 

A good sized chunk of wood embedded into the top of 
the fuel bed is a coal saver. 

When replenishing a poor fire do not shake the fire, but 
put on some coal (or chunk of wood) and open the drafts. 
After the fuel is well ignited clean the fire. 

The ash pit should be cleaned each day. An accumula- 
tion of ashes below the grate soon warps the grate and 
burns it out. Sifting shovels may be used and the unburned 
coal put back in the furnace. 

Keep all dampers in working order. 

Have a hand damper in the smoke pipe and keep it open 
only as far as is necessary to create a draft. Check damper 
(opening to basement air) must not be open unless draft 
damper under grate is closed. 

Keep the water pans full of water and all humidity 
apparatus working. 

Clean the base of the chimney, the furnace and the 
smoke pipe thoroughly in all parts at least once each year. 
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Keep the fresh air duct free from rubbish and impurities. 

Allow plenty of pure fresh air to circulate through the 
furnace. In cold weather part of this supply may be cut off. 
When fuel saving is a necessity, ft may be cut off entirely. 

Have the basement well ventilated by means of outside 
wall ventilators, or by special ducts leading to the attic. 
Never permit the basement air to be circulated to the living 
rooms. 

To bank the fires for the night, shake down and clean 
the fire, bank the live coals to one side of the fire box, All up 
with fresh fuel, sift the ashes and distribute the unburned 
coal on the fire; with a poker make a hole through the fill 
into the live coal bed to permit of some flame above the fuel 
bed, close the under drafts and open the fire door draft 
slightly. Caution. — Never cover the entire incandescent fuel bed 
v}ith fresh cocU and close the drafts. If this is done, coal gas 
will collect above the fire and will ignite from the first flame 
that breaks through the fuel bed, causing an explosion. 
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HOT WATKR AND STBAM HEATING. 



DESCRIPTION AND CLASSIFICATION. 

78. Hot IVater and Steam Systema Compared with 
Furnace Syntemat — Hot water and steam installations are 
more complicated in the number of parts than furnace in- 
stallations; they use a more cumbersome heat carrying 
medium, for which a return path to the boiler must be pro- 
vided; and have parts, in the form of radiators, which 
occupy valuable room space. But the hot water and steam 
plants have the advantage in that the circulation, and the 
transference of heat, are not affected by wind pressures. 
Hot water and steam will carry heat as readily to the wind- 
ward side of a house as to the leeward side, a point which 
is known to be quite impossible with air. Furnace heating 
has the advantage of inherent ventilation, while the hot 
water and steam systems, as usually installed, provide no 
ventilation except that due to air leakage. 

70. Klements of Hot Water and Steam S>'« terns t — Hot 
water and steam systems consist of three principal parts: 
the boiler or heat generator, the radiators or heat distrib- 
utors, and the connecting pipe lines which provide the cir- 
cuit paths for the hot water or the steam. In the hot water 
system it is essential that the heat generator be located at 
the lowest point in the circuit for, as explained in Art. H. 
the only motive force is that due to convection currents in 
the water. In the steam system this is not essential. The 
water of condensation may or may not be returned by 
gravity to the boiler. Hence, with a steam system a radia- 
tor may be placed below the boiler, if its condensation be 
trapped or otherwise taken care of. 

Concerning piping systems and connections, several 
terms commonly used by heating engineers should be de- 
fined. The large pipes in the basement connected directly 
to the source of heat, and serving as feeders to the pipes 
running vertically in the building, are known as mains. 
Supply mains are those that carry water or steam from the 
source of heat to the radiators and return mains are those 
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IbaC carry water or condensallon Irom the radiators to the 
source o[ heat. The vertical pipes connecting between floors 
are called riser*, while the short horizontal pipes between 
flaers and radiators are riser orwD or fimnches. As there are 
supply mains and return mains, bo also there are supply 
risers and return risers. A return main traversing the 
basement above the water line ol the boiler is designated a 
dry rem™ and carries both steam and water of condensation: 
one in such position below the water line as to be filled with 
water la designated a vret relur". The returns of all two- 
Pl|>e radiators connecting with wet returns are said to be 

M. ClaaalllCBtloiiai — One c(n«aij5ta<ion of hot water and 
st«aai systems Is baaed upon the position and manner In 
which the radiators are used. The arrangement which Is 
mOBl familiar Is the one wherein the radiators are located 
within the space to be healed and are surrounded only by 
room air, Kadiatora so placed (Fig. 40) provide no ven- 
tilation and are designated direct Todiation. In direct-indirect 



Pig. 40, Fig, 41. 

radiation the radiators are placed as in direct radiation but 
<he lower portion of each radiator la encased and connected 
"ith the outside air as shown by Fig. 41. The direct-indirect 
syetem provides certain ventilating possibilities and should 
always be used In connection with inside wall ventilating 
Blacks. InitirecE roilintioii is installed remote from the roomp 
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Pig. 42. 



to be heated and ducts carry the heated air from the radia- 
tors to the rooms either by convection, or by fan or blower 
pressure. In residence work this radiation is usually sus- 
pended from the basement ceiling as shown by Fig. 42. This 




Fig. 43. 
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provides a combination system of steam and indirect warm 
air. When the radiation for an entire building: is installed 
in one basement room, and each room of the buildingr has 
carried to it its share of heat by forced air throuiTh ducts 
from one lar^re centralized fan or blower, the system is 
called a plenum system or fan-coil si/stem and is given special 
consideration in Chapters X to XII. 

A second classification for hot water and steam systems is 
made according: to the method of pipe connection between 
the heat erenerator and the radiation. The one-pipe basement 
main steam system (Pig. 43) is the simplest in construction 
and is preferred by many for steam installations. As the 
name indicates, its distinguishing feature is the single pipe 
path leading from the source of heat to the radiator, the 
steam and the returning condensation both using this path. 
In the risers and connections the steam and condensation 
flow in opposite directions, thus requiring larger pipes than 
where a flow and a return are both provided. In the mains 
the condensation usually flows with the steam and not 
against it. In the so-called one-pipe basement main hot water 
system (Pig. 49), radiators have two tappings and two risers, 
but the flow riser is tapped out of the top of the single 
basement main, while the return riser is tapped into the bot- 
tom of that same main by either of the special fittings shown 
in section in Pig. 44. The theory is that the hot water from 

the boiler travels along the top of the 

Q J[^ ^ J^ ^oL- main, while the cooler water from the 

|m rnyirrnrrrrrrr, ^«\^^_yfa^ radlators travcls along the bottom of 
■j j:  this same main and two streams re- 

bT"" lux vi««»».»'»i'"^.''J ^ main separate. Where mains are short 
and straight as in small residence in- 
stallations, this system seems to give 
satisfaction, but where mains are long 
and more complicated a mixing of the 
^. . - two streams is unavoidable and the 

Pig. 44. 

supply to the farther radiators is 
cooled to such a degree that the system becomes unreliable. 

The two-pipe basement main system (Figs. 47 and 50) is 
standard with both steam and hot water installations. Por 
steam work (especially for small installations) it is prob- 
ably no better than the one-pipe system but for hot water 
work it is much preferred. In this system two separate and 
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distinct paths may be traced from any radiator to the source 
of heat. In the basement are two mains, the supply and the 
return, and the risers from these are always run in pairs, 
the supply riser on one side of a tier of radiators, the return 
riser on the other side. A two-pipe steam system should 
have sealed returns (See Art. 82). 

The attic supply ayatcm, or Mills system, has found much 
favor with heating: engineers in the installation of the larger 

steam and hot water plants. In this 
system the supply and returns both 
flow downward. This is accomplished 
by first leading the steam or water to 
the attic through one large main which 
there branches to supply the various 
risers. One riser only is generally used 
for each tier of steam radiators. Fig. 45 
shows one- and two-pipe radiator con- 
nections. Frequently two-pipe connec- 
tions are made to a single riser pipe. 
When this is done a water type radi- 
ator must be used with the supply en- 
tering the top and the return leaying 
the bottom of the same side (See vapor 
heating systems). 

A third classification may be made, hav- 
ing reference to the manner of circu- 
lating the heating medium and to its pressure. This classifi- 
cation covers a multitude of inventions upon the attachment 
of which increased capacity and efficiency are claimed over 
the ordinary gravity systems. In outline, this classification 
may be stated as follows: 

Gravity Systems 

Steam systems, circulating steam at pressures 
greater than atmosphere. 

Water, open tank systems, circulating water by in- 
creased weight of water in return risers over 
warm water in supply risers. 

Modified Gravity Systems 

Steam systems, circulating steam at atmospheric 
pressure or below. 




Fig. 45. 
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Water systems, circulating water under pressure, 
at temperatures above those possible with the 
open tank systems and with accelerated veloc- 
ities. 
Combination steam and gas systems with radiators as 

heaters independent of a centralized heat supply. 
Systems mentioned in this classification are explained in 
Arts. 81 to 85. 

GRAVITY SYSTEMS. 

81. Steam and Hot 'Water Systems: — Ordinary low pres- 
sure steam installations operate at pressures from 1 to 10 
pounds gage. Relief valves are provided which release the 
steam when pressures tend to increase above the set maxi- 
mum, and thus protect the boiler from excessive pressures. 
Pressures in the boiler are maximum. These decrease grad- 
ually along the circuit of the supply and return mains be- 
cause of the frictional retardation of the circulating steam, 
giving a pressure drop between main and return near the 
boiler of i^ to 1 pound. The water in the return, therefore, 
stands above the water level in the boiler an amount suf- 
ficient to balance this differential pressure. All pipes in 
the system are graded for easy flow of the condensation 
back to the boiler. Each boiler must be fitted with a pres- 
sure gage, a safety valve or pop valve and a draft regulat- 
ing device. Each radiator must have a first-class automatic 
air valve. 

An ordinary hot water installation has an open expansion 
^«nfc at the highest point of the system to permit change in 
volume in the water as it changes temperature, such systems 
operate at pressures equivalent only to the static head of 
tbe water in the system. Pressures at the boiler range from 
15 to 25 pounds gage for residence work. Water tempera- 
tures above 212*, therefore, will cause a loss of steam out 
the overflow of the expansion tank and are not considei*ed 
advisable. Each boiler is fltted with a pressure gage or alti- 
tude gage to show the height of water in the expansion tank, 
* thermometer to show the temperature of the circulating 
^ater and a draft regulating device. Each radiator must 
^^ve a. compresaiflm air cock. 

S&. Diagrrafns for Gravity Steam and Hot l^'^ater Piplngr 
''^•tfmiii — Fl p ^ - ' ^ 1 inclusive show some of the methods 

inert ' 1 ^   between the source of heat 

Pig. 49. '^w different methods 
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Fig. 46. 



TWO PIPE STEAM s79«i£M -BASEMENT MAIN 




WATER SEAL 

cing- steam at faTv 



or below. 
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TWO PlPt SYSTEM HOT WATER -BASEMENT MAfN 




Fig. 50. 



of connecting: between the radiators and mains. The 
branches below the floor and behind the radiators are for 
the purpose of taking up expansion. Short connections 
should be avoided. It will be noticed -fliat the two-pipe 
steam systems have sealed returns where they enter the 
main return above the water line of the boiler. Dry returns 
frequently interfere with the circulation of the steam to the 
radiators by short-circuiting. Steam from the boiler follows 
the path of least resistance to each radiator and many times 
this path leads up the return line into the radiator instead 
of through the supply. In Pig. 47 suppose the radiators C 
and D increased in number to the right C, D', C", D", etc.. 
and all connected to the main as shown and to the return 
without the loop. It is easy to see that steam from the 
supply main would flow through the radiators C and D into 
the dry return where it would continue to the end of the 
line and affect the easy flow of steam through the end radia- 
tors. If the main inlet to any radiator were restricted, the 
steam to that radiator would be supplied through its return 
branch thus blocking circulation and causing water-Tianmcr. 
The only way to insure against this is to water-seal each re- 
turn by connecting as shown or by connecting to a wet re- 
turn. 
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Fig. 51. 

Hot water gravity circulation is more easily retarded 
than steam circulation and greater care must be exercised in 
laying out and insti^lling the systems. Fig. 50 shows the 
connections most frequently used with basement mains. 
Connections recommended for the Mills overhead hot water 
system are shown in Fig. 51. Where all radiators in the 
same tier are connected flow and return to the same drop 
riser, circulation is frequently equalized in the radiators 

by O. S. Distributors turned against the 
stream in the supply and with the 
stream in the return (See Fig. 52). 

Basement radiation usually has poor 

circulation. In steam systems if the 

water of condensation is to be returned 

to the boiler it is placed on the ceiling 

or wall as high above the water line as 

possible. If the water is to be trapped 

Fig. 52. to the sewer it may be placed on the 

floor. Hot water radiation may be placed at any elevation 

above (not below) the return inlet to the boiler. Circulation 

is improved, however, if the radiator supply is connected 
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Fig. 53. 

from some point above the basement. Fig. 53 shows such 
connections. Increasing the drop increases the rate of cir- 
culation. 

MODIFIED GRAVITY SYSTEMS. 



83. Atmospheric and Vapor Systems t — ^Low pressure 
steam systems are not as well adapted as hot water systems 
for moderate service, say on spring and fall days when only 
a small percentage of the full capacity of the heating system 
is required. Difficulty is experienced in keeping uniform 
temperature conditions in the radiators. In small plants, 
such as are found in residences where a constant attendant 
can not be provided, temperatures alternate rapidly between 
maximum and minimum. In an endeavor to meet the de- 
mand for a steam system which will serve for all outside 
weather conditions, a number of modified low-pressure 
steam systems, called vacuum, vacuo-vapor, vapor, modula- 
tion or atmospheric systems have been devised. It is claimed 
for these systems that they give better regulation and more 
uniform temperature conditions, also that they are free from 
air troubles. 

The term vacuum should properly not be applied to this 
class but should belong to those systems having a positive 
vacuum in the returns mechanically produced by action of 
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pumps, ejectors, etc., as explained in Chapter IX. There is 
one gravity system, however, that has some claim to the 
name — the Mercury Seal Vacuum System. Fig. 54 represents the 
outer coils of any radiator. Inside the last coil 
is a mercury pot with a vertical iron tube con- 
nection for mercury column similar to the aver- 
age barometer. The top of this tube is connected 
with the atmospheric side of the automatic air 
valve. When not in service the mercury in the 
column drops to the pot. When firing up, the air 
valve permits the escape of air but closes 
against steam. The mercury pot freely allows 
the escape of this air but does not permit its 
return. As a result the heating system (any 
kind of system) warms up and expels, the air 
but when it cools down a partial vacuum is es- 
tablished and the water continues to boil at tem- 
peratures below 212". If the system of piping 
and valves is very tight a partial vacuum may 
be maintained throughout the night, during 
which time steam will circulate at low pressure 
until the temperature falls say as low as 150". 
Further it will heat up more quickly and with 
less fuel in the morning because of this partial 
vacuum. To have a mercury column at each radi- 
ator would be prohibitive because of the expense, 
consequently where this system is used the air 
lines are run to the basement in a similar 
^'ay to those of the returns, collected together and attached 
to a mercury seal of sufficient size to expel the air from 
the entire^ heating system. Such a system is sometimes 
called an air-line system. The above arrangement is very de- 
sirable and is in sharp contrast to the ordinary system 
vhere the steam leaves the radiators as soon as the tem- 
perature falls below 212*. The practical difficulties in ob- 
taining and maintaining an air tight piping system, however, 
limits its use. 

The terms vapor, vacuo-vapor, modulation, atmospheric and 
the like are trade terms that are not especially distinctive 
but which indicate all the large number of gravity steam 
systems operating at pressures from — to 1 — pound gage. 
In these systems the radiators are water-type, two-pipe. 
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top connected and have packless valves and no air valves. 
Steam being: ligrhter than air it first fills the top of the 
radiators and grradually forces the air downward and out 
the return to the atmosphere. The radiator outlet is usually 
on the opposite side of the radiator from the inlet, water of 
condensation and air both passingr throug^h this opening. 

The important feature in operating: any gravity heating 
system at pressures near atmosphere and especially those 
having: no automatic control on the air relief, is effective 
regulation. Where this is obtained there will be fairly uni- 
form temperature conditions within the radiator, sufCicient 
heat emission to satisfy the room requirements, and no 
wastag-e of steam. Regulation may be applied at any of 
the four points in the system — at the boiler, in which case 
the drafts are controlled by a hydraulic head, a float located 
in a receiver at the end of the return main or by a pressure 
regulator connected to the steam space of the boiler — at the 
inlet valve to the radiator — at the radiator outlet — and at 
the atmospheric vent at the end of the return main. All 
systems of this kind have automatic draft regulation and all 
have radiator inlet valves that give more or less satisfac- 
tory hand or thermostatic control. The essential differences 
in the various types, therefore, lie in the character of the 
regulation at the radiator outlets and at the air relief on the 
end of the return main. Classifying the many systems on 
the market, a few only of which will be mentioned, they 
may be grouped under three general heads. 

Type 1, Fig. 55, has no positive regulation on the radia- 
tor outlets or on the air relief. (A thin water seal is here 
considered as no regulation since in every case a positive 
vent opening is provided for air). In estimating radiation 
for this type, 20 per cent, more is put in than would be re- 
quired for any low pressure steam system with closed re- 
turns. This extra radiation serves to condense the steam 
that may be admitted to the normal radiator beyond its re- 
quired condensing capacity. If too much steam is admitted 
for any given outside temperature it will pass into the re- 
turns and out into the air. In this system, therefore, it is very 
desirable that the best of regulation be applied to the draft dampers 
at the boiler and also that careful adjustment be made on 
the valve inlets to the radiators. Since most vapor inlet 
valves are hand operated and are subject to the eccentric- 
ities of the attendant, too much dependence should not be 
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Fir. GS. Fig. BS. 

Placed In this regulation. It will be noticed that the end of 
'h* main la separately vented and enters the dry return 
through a water seal. This serves to cut ott direct steam 
oirculatlon Into the return. Two representative syatema of 
this claas are the dtmiMpftaric and the Iffouat-SquiTes. 

The damper regulator of the Mouat-Squlres ayatem Is 
worthy of special mention. Fig. 56. tank A Is filled with 
later to the overflowing point, the overflow connection be- 
'"g opposite the fulcrum. Steam enters the regulator from 
Ihe boiler through connection P, forces Ihe water down In 
lank A and up through the flexible hose and the hollow 
Ifver C into tank D. causing tank D to drop when a sufficient 
"eight of water to overcome the weight of the counterbal- 
ance E has entered same. This causes the drafts to close, 
"hen the pressure decreases In the boiler, the water re- 
'Ufns to tank A by gravity, causing the reverse operation of 
ihs regulator and dampers. The setting of Ihe counter- 
"fight E regulates the vapor pressure at which action 
tikea place. 

A slightly modified form of Type 1 (Broomell System 
I'lg. GT) has a receiver at the end of the return main at the 
'oiler and an air relief from the top of the receiver to the 
atmosphere. The air relief leads through a condenaer to 
'onaense and return to the boiler any steam leaving with 
■he air. The end of the main may be aeparately vented or 
'onnected with the air relief. Fig. 68 shows two sections of 
'he receiver. A capper float rides on the water In the re- 
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Plgr. 57. 



Figr. 58. 



ceiver and is connected by chain to the dampers. The level 
of the water in the receiver remains the same as that In the 
boiler as longr as all the steam generated in the boiler is 
used in heating:. When excess steam is grenerated the pres- 
sure increases, the water level rises in the receiver and the 
float closes the drafts. If the float rises higrh enougrh to lift 
the adjusting: rod, it unseats a safety valve and blows off 
the steam. The reverse action takes place when the pres- 
sure drops. 
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Fig. 59. 
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Fiff. 60. 



Type 2, Fig". 59, has no regulation on the radiator out- 
lets (radiators not shown) but has a condenser coil and 
thermostatic control on the air relief which connects with 
both main and return. By the use of a check valve or mer- 
cury seal beyond the thermostatic valve a partial vacuum 
may be temporarily produced in the system. In this type 
the amount of radiation is normal and the steam pressure 
may rise above normal with automatic air release without 
waste of steam. The Moline System is typical of this class. 
Note the ejector, Fig". 60. This is supplied with steam from 
the end of the supply main and ejects the air and vapor 
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l"m the end of the return main Into the condenser, from 
which the air is released through the air trap and the con- 
denaatlon la returned to the boiler. 

Type 3, Flg^. 61, baa a normal amount of radiation, ft 

air relief connecting with the ends of the main and return 
filher mechanically or thermostatically controlled. Three 
tfpresentative aystems of this class are the Dunftom, Webiter 
and Ij;inol«. Attention Is called to the equalizer pipe be- 
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Pig. 62. 



between main and return. The air relief in this type as in 
the type preceding: may be made to close under pressure and 
pressures above normal may be used. Type 3 g^ives a more 
positive circulation in the mains and radiators, less dang-er 

of short circuits and greater 
pressure range than those sys- 
tems not equipped with ther- 
mostatic valves on radiator 
outlets. Steam pressure regu- 
lators, similar in action to Fig. 
62 are used for damper control. 
Atmospheric and vapor heat- 
ing systems that may at times 
be operating under pressures 
varying from 2 to 10 pounds 
gage are fitted with return 
traps that close the air re- 
lief when the differential pressure between main and re- 
turn reaches a fixed amount. At the same time live steam 
is automatically admitted to the top of the trap forcing the 
collected return water through the check into the boiler. 
The air vent remains closed and action continues as an ordi- 
nary closed steam system until the differential pressure falls 

to normal when the action is 
reversed and it again becomes 
an open relief atmospheric sys- 
tem. The Webster return trap 
(Pig. 63) shows one of the sim- 
plest forms of these traps. 

84. Modified Open Tank Hot 
Water SystemMi — A number of 
modifications have been adapted 
^^S- ^3. ^Q iq^ pressure hot water heat- 

ing systems for the purpose of increasing the tempera- 
tures, pressures and velocities of the circulating water above 
those obtained by the open tank system. Out of a large 
number of systems four of these will be mentioned as type 
representatives. Increasing temperatures permits a reduc- 
tion in radiation so as to compare with that of steam sys- 
tems. This is desirable since large radiators are an obstruc- 
tion in any room. With increased velocities pipe and fitting" 
sizes may be reduced. This also is very desirable in any 
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system from the standpoint of adaptability. In addition any 
reduction of this kind causes a reduction in first cost. 

In the Honeywell System (Pig". 64) a purely American sys- 
tSKJ, a mercury seal tube is connected between the upper 
point of the main riser and the expansion tank. This is de- 
sig-ned to hold a pressure within the system at 
that point of about 10 pounds g'age. Water 
from the system fills the casement and pressei^ 
down upon the top of the mercury in the bowl. 
Increasing the pressure in the system lowers 
the level of the mercury in the bowl and forces 
the mercury up the central tube A until the 
differential pressure is neutralized by the static 
head of the mercury. If the pressure becomes 
g-reat enough to drop the level of the mercury 
to the tube . entrance, water and steam will 
force through the mercury to chamber D and 
from thence through the expansion tank to the 
over-fiow^. Any mercury forced out of tube A by 
the velocity of the water and steam, strikes 
deflecting plate C and drops back through an- 
nular opening B to the mercury bulb below. 
As the pressure is reduced in the system the 
mercury drops in tube A to the level of that in 
the bulb and water from the expansion tank 
passes down through the mercury seal into 
the heating system to replace any that has 
out of the expansion tank. This action is 
autjomatic and is controlled entirely by the pressure within 
the system. The only loss, if any, is that amount of water 
which goes out the over-flow. A similar arrangement is 
used in the Cripps System. In this the mercury seal is placed 
*>eyond the expansion tank and puts the expansion tank 
under pressure. 

The extra pressure made possible by the Honeywell or 
''rlpps apparatus makes it possible to carry the circulating 
water at temperatures as high as 240*, which is above that 
fit the average low pressure steam system. With tempera- 
tures as high as this there is undoubtedly an increased dif:- 
ferentlal temperature between flow and return which would 
tend to increase the velocity of the water and make it pos- 
sible to reduce pipe sizes. 



Fig. 64. 
been forced 
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The Koerting Syatem (Fig:. 65), invented by German engi- 
neers, is an open tank system with a series of motor pipes 
leadingr from the upper part of the heater to a mixer, where 
the steam which has been formed in the heater and motor 
pipes is condensed by part of the circulating: water entering 
througrh the by-pass from the return. The velocity of the 
steam and water through the motor pipes and the partial 
vacuum caused by the condensation in the mixer produces an 
acceleration up the flow pipe. 
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Fig. 65. 



Fig. 66. 



The Bruckner System (Fig. 66), invented by an AustrisLn 
engineer, Is an open tank system with two expansion tanks. 
Heater K delivers the hot water (above 212") up the flow- 
pipe to receiver R, where a separation takes place between 
the steam particles and the water, thus causing an accelera.- 
tion up the motor pipe to expansion tank A. The w^ater in 
flow pipe 2 has a temperature slightly below that in 1. After 
passing through the radiators the water in 5 is at a low^er 
temperature than that in 2. The steam particles which have 
collected in expansion tank A above the water line are con- 
densed in V. The acceleration in the system is thus pro- 
duced by a combination of the upward movement of tHia 
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steam particles In motor pipe 1 and the Induced upward cur- 
rent In S toward condenser 7. It will be noticed by compar- 
ing with Fig. 65 that the condensation In one system takes 
place before the expansion tank and In the other system 
after it has passed the eipanslon tank. Rach of the systema 
illustrated may be carried under pressure by applying a 
e&tety valve as at B, a mercury column as in Fie. 64. or by 
an expansion tank located high enough to give aulllcient 

The Beck System, Invented by a Danish engineer, is lllus- 
tratoii by Figre. 67 and 68. "Water passes from the heater 
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Fig. 67. 
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Fig. 68. 
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r C and thence Into eipanslon 
'ank A as a supply to the flow pipes of the system. Steam 
'rom a separate boiler Is admitted to mi](er B above the con- 
"lenaer and enters the circuiatine water Just below the ei- 
Mnsion tank. The velocity of the steam and the partial 
'acuuin caused by the condensation Induces a current up the 
9oir pipe to the expansion tank. When the water level in 
'he expansion tank reaches the top of the overflow pipe the 
'ater returns to the steam holler through condenser C where 
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It elvea olt heat to the upper current of the circulating 
water. It will be seen that the clrculatlns water In the 
syetem and the Bteam rrom the boiler unite from the Inlet 
at the mixer to the expansion tank 
the systems they are Independent. 

FIk. 69 Is a modification o( this bi 
air la Injected In the riser pipe at » 



On all other part 
same principle, whe 



by a comblnal 



of the 



artlal  



ase the heating unit is ; 
radiator. The gas suppl: 
/ controlled by 
pressure within the radiator, 
pipes may be used with artlflcU 
they should be supplied with 
where natural gas Is used a 



produced by the 
steam condensation as Just men- 
tioned and the upward current of 
the air particles as In an air lifl. 
Steam enters through pipe J and 
) ejector H to the miner at B where it 
|9 condensed. In passing through Jf 
air Is drawn from tanh B and enters 
the main riser with the steam. The 
upward movement of thla air 
through the motor pipe to the tank 
Induces an upward How of the waler 
In the main riser. By this combina- 
tion there are formed three complete 
circuits, water, steam and air. unit- 
ing as one circuit from the mlier B 
to expansion tank E. The steam 
furnished In principle 3 may be sup- 
plied by a separate steam boiler or 
ox of a. hot water boiler, 
iduced by some piece of mechan- 
iced directly in the circuit. This 
I under District Heating and will be 

iiB Hestins SyHtemBi — A mil- 
iar In many respects to the 
t. 71). Is frequently used. In 
1 combination gas stove and 



- the 1 



(either natural or artlflclal) 
y a diaphragm valve from the 
r. Radiators without exhauHt 
:lal gas for limited heating, but 
h exhaust pipes In every case 
i where artlflclal gas is used In 
I air Impure, An eleclrie-aleam 
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system is sometimes used for the same service. The radia- 
tors are made of pressed steel, electrically welded and sealed. 
The radiator contains a small amount of distilled water (a 
6-8ection type having about a quart which never needs re- 
placing). The electric heating unit is about the same capac- 
ity as those used in electric flat irons. The heating unit, 
partially surrounded by water and under partial vacuum, 
heats readily. Systems of this type are in use in climates 
where only moderate heating is necessary. 

86. Piping Connections t — Many heating systems have 
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been crippled by improper piping^onnections. Fi^s. 70 and 
71 show some of the standard forms. In this connection a 
few sugTirestions may be valuable. (1) A steam main may 
branch rig^ht and left througrh a straigrht tee providing: the 
lineal expansion of the branches is provided for. (2) Right 
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Fig. 71. 

and left branches through straight tees in hot water sys- 
tems should never be used. A double sweep ell should be 
used instead, this will divide the two streams of water with- 
out causing eddy currents. (3) Any branch that is to be 
favored should be taken from the top of the main by vertical 
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or 45" lines. No hot water branches should ever be taken 
off the side of the main. (4) Offset branches provide ex- 
pansion facilities. (5) Hot water mains may branch through 
Y flttingrs. This is ideal for circulation but does not absorb 
expansion as readily as 90* turns. (6, 7) Steam mains which 
change size should be graded on the bottom for satisfactory 
drainage. This may be done at a corner by a reducing ell 
pitched slightly downward or on a straight run by an eccen- 
tric fitting. (8) Steam mains may pass an obstruction by 
boxing around the obstruction, the drop providing drainage 
and the rise the steam circuit. (9) Main^ are kept 2^^ to 3 
feet from the wall, well supported from the ceiling and free 
to move in any direction to allow for expansion. The cor- 
ners of the main should not be anchored by running diagon- 
ally to the riser. Branches should be run perpendicular to 
and parallel with the wall. (10, 11, 12) Double-pitch ells 
should lead to risers in all places where necessary. Long 
branches to risers are to be avoided where possible. (13) 
Dirt pockets should be provided at the bottom of returri 
risers where there is danger of clogging valves. (14, 15, 
16) Radiation on the upper floors will rob the lower floor 
radiation, consequently retarding influences such as O. S. 
fittings, reducers and offsets should be put in to give advan- 
tage to lower floors. (17) Radiators should be connected 
with branches sufficiently long to take up expansion. (18) 
Water pockets should be avoided in horizontal mains and 
branches. All pipes should be well pitched for drainage. (19) 
Risers may be run within the wall or in closed chases in the 
face of the wall for appearances. Complete encasement 
within the wall, however, should be made only with the 
knowledge and consent of the owner since in many cases 
walls have been ruined by defective pipes. (20) Branches 
may also be run within the floor construction, but extra care 
should be used in the laying. 
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BOILERS, RADIATORS, FITTINGS AND APPLIANCES. 

87. Steam Boilers and Water ' Heaters • — Heaters for 
supplying* hot water and boilers for supplyingr steam to 
heating: systems may be divided into three classes: round 
vertical, having- capacities of 250 to 1500 sq. ft.; sectional, 
having capacities of 300 to 9000 sq. ft.; and water tube or fire 
tube, having capacities of 10000 to 40000 square feet of direct 
steam radiation. Round and Sectional boilers (Pigs. 72 and 
73) are made of cast iron, are of the portable type and need 
no special casings other than the plastic coverings to reduce 
radiation. Fire tube and water tube boilers (Figs. 74 and 
75) are of wrought iron or steel and are encased in brick 
work. Boilers of the largest capacities are water tube type 
and are always used in central station w^ork. Heating boil- 
ers for residence work are usually of the sectional type. These 
boilers are very flexible and may be increased in capacity by 
adding sections to existing boilers to meet increased require- 
ments. In some installations it is better to install two 
boilers of somewhat reduced capacity (say % of the calcu- 
lated capacity) and either boiler will more nearty meet the 
average load. This is frequently done where break downs 
may cause serious inconvenience. In general it may be said 
that products of the various manufacturers show but little 
difference in design between hot water heaters and steam 
boilers and as a result the two types are usually referred to 
as boilers. 

Boiler capacity depends principally upon the amount and 
arrangement of the grate and heating surfaces. Grate sur- 
face is the gross area of the fuel bed at the top of the grate. 
Heating surface refers to those boiler plates that have the 
fire or heated gases on one side and water on the other. 
Heating surfaces are of two kinds, direct and indirect (some- 
times called prime and secondary). Direct surfaces are those 
so located as to receive the direct heat or radiant ray of 
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the fire. Indirect surfaces are all those not included under 
direct, *i. e., those that are in contact only with the heated 
gases of combustion. Direct surfaces transmit more heat 
per unit of time than the same area of indirect surface be- 
cause of the grreater difference in temperature between the 
two sides of the plate. For this reason boilers have as much 
direct surface as is possible to grive them. The average 
amount of heat transmitted throug^h boiler plates will vary 
from 1600 to 2500 B. t. u.« for heating: boilers and 2000 to 
3000 B. t. u., for power boilers. The rate of heat transmission 
for clean metal surfaces should be practically the same for 
either direct or indirect locations. See also Art. 61 on fur- 
nace heating: surfa-ces. 

Proper combustion of the fuel and the most efficient 
transmission of the heat of the Are across the plates to the 
water are of prime importance. It is easy to see therefore 



v/ 

^A v^//y. vy/yj <vAr/. 




•yy.y/, 

\'yyy/y, 

. y^ ^yy//. , 
vyyyy, /y/. 



Fig. 76. 
that the one feature of boiler design under continual study 
is the construction of the fire box or furnace. This is 
especially true of the boilers burning bituminous or soft 
coals. The average hand fired furnace, cared for by the 
average fireman is a nuisance in any business or residence 
district because of the smoke. In large plants the mechan- 
ical stoker which fires slowly and continuously at the front 
of the fire has proved the best remedy but in small plants 
where hand firing is necessary and where the fire is charged 
three to four times each twenty-four hours the problem is 
more difficult. A number of smokeless furnaces, represented 
by Fig. 76, have been developed along the lines of the 
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H&wley down draft furnace wtth water tube gratea above 
the fire and Are grates below. Fuel Is fed Into the space 
aSiwe the water tubes (coking chamber) and there loses 
Ihe volatile matter and hydrocarbon gases. These gase^ 
are practically all consumed In pasBlng- over the lower fire 
and through the length of the combustion chamber. The 
lower grate catches the coke product from the upper grate 
and is occasionally replenished by a charge of fresh coal 
near the front of the fire. These furnaces produce prac- 
tically Bmokelees combustion and are being Increasingly 



Fig. 77. 

i! especially designed for bituminous and soft coals, having 
a magaiine above the Are which serves the purpose of sup- 
Ply boi and coking chamber. In this arrangement com- 
buBtion takes place e.s In the Hawley furnace, the liberated 
hydrocarbons being consumed while passing through the 
fnllre length of the combustion chamber to the chimney 
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Round and sectional types of boilers have ratios of 
grate surface to heating: surface varying between 1 to 15 
and 1 to 25, and water tube or flre tube boilers varying be- 
tween 1 to 40 and 1 to 60. The arrangement of the heating 
surface differs very much, each manufactured product hav- 
ing a distinctive design. According to Prof. Kent "for com- 
mercial and constructive reasons, it is not convenient to 
establish a fixed ratio of heating surface to grate surface 
for all sizes of boilers. The grate surface is limited by the 
available area in which it may be placed, but on a given 
grate more heating surface may be piled in one form of 
boiler than in another, and in boilers of one general form 
one boiler may be built higher than another, thus obtaining 
a greater amount of heating surface. The rate of burning 
coal and the ratio of heating to grate surface both being 
variable, the coal burning rate and the ratio may be so re- 
lated to each other as to establish a rate of evaporation of 
2 lbs. of water from and at 212° per sq. ft. of heating sur- 
face per hour." 

Boilers may be selected by grate surface, heating surface, 
coal burned per hour, pounds of steam evaporated per hour 
and heating capacity in square feet of radiation (including 
mains). Manufacturers' catalogs give boiler ratings in 
terms of radiation supplied, with grate surface, heating 
surface and installation sizes for units of different capac- 
ities. The best method of selecting a heating boiler is to 
estimate the required grate surface of the boiler that will 
theoretically supply the given radiation and check this 
amount with the catalog data (See Art. 100). Considerable 
care must be exercised in the selection of the type of boiler 
to fit any given set of conditions. To illustrate: the grate 
and fire box should be designed favorable to the burning of 
the kind of coal that would be generally used; the boiler 
selected should permit of easy cleaning especially if it is a 
soft coal burner; the arrangement of the heating surfaces 
should be such that there w^ill not be an excessive friction 
as the gases pass through the boiler; with an inside chim- 
ney there is little danger of lack of draft and any form of 
down draft boiler may be used, while with an outside chim- 
ney of ordinary construction there may be a question as to 
the use of such boilers; also, the kind of attention and the 
frequency of firing must be taken into account. For fur- 
ther study of boiler types and operations see Marks' M. B. 
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Handbook, Kent's M. E. Pocket-Book, Gebhardt's Steam 
Power Plant Engineering:, Hirshfield and Barnhard's Ele- 
ments of Heat Power Engrineeringr, and trade catalogs. 

Combination heaters are frequently installed to supply both 
warm air and steam or warm air and warm water to the 
same plant. For such systems a combination heater as 
shown in Fig. 26, Art. 65, is needed. It consists essentially 
of a warm air furnace with a steam or water radiator in 
the upper part of the flre pot. The radiator through the 
connected piping supplies heat to those sections of the build- 
ing where satisfactory air circulation could not be had. The 
principal difficulty encountered in these combined systems 
is in obtaining the proper proportion of the heating surface 
of the furnace to that of the radiator to suit varying de- 
mands upon the system. 

88. Boiler AccenBorles t — ^Water heaters are equipped 
with pressure gages or mercury columns for registering the 
pressures carried within the system, thermometers on the 
supply and return mains to give the differential tempera- 





Fig. 78. Fig. 79. 

ture of the circulating water, and automatic draft apparatus 
controlled by thermo-regulation from the temperatures of 
the supply water or by a thermostat from the temperature 
of the room air. Steam boilers are supplied with pressure 
irages as in water heaters, safety valves or pop valves to 
relieve any excessive pressures, water glass and gage cocks 
to register the water levels, and automatic draft apparatus 
controlled by a diaphragm valve from the pressure of the 
steam in the supply main, by a float from the water level in 
the return main or by a thermostat from the temperature of 
the room air. Fig. 78 is a thermo-regulator for water 
systems. It operates from the elongation and contraction 
of a sylphon bellows enclosed within a cast iron casing. 
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The bellows, a brass, accordion pleated cylinder, is closed at 
both ends and contains a volatile fluid which vaporizes at 
low temperatures and causes varying pressure within the 
bellows. Water from the boiler circulates between the bel- 
lows and the casement and as the temperature of the w^ater 
changres the state of the volatile liquid its pressure changes 
and the bellows increases or decreases in lengrth and oper- 
ates the draft. A modification of this type of regrulator is 
used on steam system. In this the regrulation is by steam 
pressure from the inside of the sylphon bellows (see Fig. 62). 

Figr. 79 shows a diaphragm regulator which is usually 
attached to the steam space of the boiler or to the steam 
main close to the boiler. For details of specialties including 
glass gages, gage cocks, etc., see American Radiator and 
United States Radiator company's catalogs. For care of 
boilers and furnishings see Art. 115. 

89. RiidlatorB, ClasMlficatlon a« to Materials — ^Radiators 
may be classified according to the materials used in their 
production as cast iron, pressed steel and pipe coil. Wall 
thicknesses of cast radiators are % to ^ inch. Pressed 
radiators are formed from sheet steel plates. Each section is 
composed of two pressed sheets that are welded together by 
a double seam around the edge and riveted between the col- 
umns. The sections of cast radiators are connected by mild 
steel or malleable push or screw nipples which serve as pas- 
sageways between the sections for the heating medium. 
The malleable nipple is subject to occasional hidden defects 
from the process of casting but is not subject to corrosion 
as is true of the steel nipple, hence it is usually preferred. 
Pressed steel sections are welded together. Cast iron radia- 
tors have the disadvantage of weight and bulk and have a 
comparatively large internal volume, averaging a pint and 
a half per square foot of surface, but they are practically 
free from corrosion. Each radiator after being assembled 
is tested to 100 lbs. per sq. in. gage pressure. Pressed radia- 
tors have an internal volume approximating one pint per 
square foot of surface. 

Radiators composed of pipes in various forms (vertical 
or horizontal) are commonly referred to as coils. They are 
not much used for direct or direct-indirect work because of 
the unsightliness. They are frequently used in indirect and 
plenum systems and are generally used in the direct heating 
of shops, factories and greenhouses. In coil heaters 1-inch 
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pipe Is the standard size, however, in some cases (grreen- 
houses) coils are .used as large as 2 inches in diameter. 
Standard 1-inch pipe is rated at one square foot of heating- 
surface per three lineal feet and has about one pint of 
containing* capacity per square foot of heating surface. 

90. Claasificatlon as to Fomtt — ^Radiators may be classi- 
fied according to form as one, two, three and four column 
floor types, wall type and flue type. These terms refer only to 
cast and pressed radiators. The column of a radiator is one 
of the unit fluid-containing elements of which a section is 
composed. When a section has only one vertical unit it is 
called a single column or one column radiator, when it has 
more than one it is a two column, three column or four 
column type. End sections are called leg sections, inter- 
mediate ones are loop sections. The legs on all pressed steel 
radiators are detachable. A wall radiator is a one-column 
type, so designed as to be of the least practicable thickness. 
It frequently presents the appearance of a heavy grating 
and is designed to have 5, 7 or 9 square feet of surface, ac- 
cording to the size of the section. One column floor radia- 
tors made without feet are often used as wall radiators. 
A flue radiator is a very broad type of the one column radia- 
tor, the parts being so designed that the air entering be- 
tween the sections from below is compelled to travel to the 
top of the sections before leaving the radiator. This type 
is well adapted to direct-indirect work. 

There are many special shapes of assembled radiators 
such as stairway radiators built up of successive heights of 
sections to fit along the triangular shaped wall space under 
stairways, pantry radiators built up of sections to form a tier 
of heated shelves, dining room radiators with an oven-like 
arrangement built in between sections, and loindow radiators 
built with low sections in the middle and higher ones at 
either end to fit neatly around a low window. Fig. 80 shows 
a number of these common forms used in practice. Figs. 
81, 135-137, show methods of building up pipe coil heaters. 

91. Classification as to Heating: Medium: — A third classi- 
fication according to the heating medium employed, gives 
rise to the terms steam radiator • and hot water radiator. Cas- 
ually one would notice little difference between the two, but 
in construction there is a vital difference. A steam radiato 
lias its sections joined by nipples along the bottom onl 
t>ut a hot water radiator has both top and bottom conne 
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actions at the top and the return connectlonB 
' both connections at the bottom. Hot water 
J heated very auceesafuUy with steam, but 

ms are supplied with two-pipe, hot water type radiators. 

Radiators matt have at least ttvo lappiniis, one below lor 

<e entry and exit of the heating: medium, and one on the 

id section opposite (near mld-helght for steam and at the 

top for hot water) for air 

discharge as shown by Figs. 

4fi and 43. They may have 

three tappings, a, aapply, a 

return and an air tapping as 

shown In Figs. 47. 49. EO and 

61 (For flttinga see Fig.s, 

88-32). 

VX. EttfCt of Helicbl and 
Width of RiidlBlor Upon 
thp Trannmliialan of Heatl 
— In selecting a radiator 
height for a given place the 

ally the floor space allowed 
for the radiator. Thus, If 







; for the 



allowed. I 



Fig. 81. 

a S8-lnch section may have 
be taken. High radiators are less eftttlent than low radia- 
ns because as the air Is heated In passing up the outside of 
s sections the difTerentlal temperature between the Inside 
d the oulBlde becomes less, and less heat Is transmitted per 
It area. By the same reasonlne. horizontal pipes (colls) are 
ire efficient than any other form of heating surface, 
"), wide radiators are less efficient than narrow radiators 
;auee of higher air temperatures between the colls. 
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Hates of heat transmission obtained by tests for cast 
iron radiators and pipe coils are: (Steam 215**, room air 70°). 



Cast Radiators 


1-Col. 


2-Col. 


3-Col. 


4-Col. 


20 


inches high 


1.9-3 


1.85 


1.75 


1.64 


23 




1.89 


1.80 


1.70 


1.59 


26 




1.86 


1.76 


1.66 


1.56 


32 




1.79 • 


1.69 


1.59 


1.49 


38 




1.74 


1.65 


1.55 


1.45 


45 






1.60 


1.50 


1.40 



Cast Wall Coils 

Heating- surface 5 sq. ft., long side vertical 1.92 

Heating surface 5 sq. ft., long side horizontal 2.11 

Heating surface 7 sq. ft., long side vertical 1.70 

Heating surface 7 sq. ft., long side horizontal 1.92 

Heating surface 9 sq. ft., long side vertical 1.77 

Heating surface 9 sq. ft., long side horizontal 1.98 

Pipe Coils 

Single horizontal pipe 2.65 

Single vertical pipe 2.55 

Pipe coil 4 pipes high 2.48 

Pipe coil 6 pipes high 2.30 

Pipe coil 9 pipes high 2.12 



03. Effect of Condition of Radiator Surface on the 
Trauismission of Heat: — The efficiency of a radiator is af- 
fected by the condition of its outer surface. Painting, bronz- 
ing, shellacing or covering the radiator surface in any man- 
ner affects the rate of transmission of heat. A series of 
tests conducted by Prof. Allen at the University of Michigan, 
indicated that the ordinary bronzes of copper, zinc or alum- 
inum caused a reduction in the efficiency below that of the 
ordinary rough surface of the radiator of 20 per cent., while 
white zinc paint, terra cotta enamel and white enamel gave 
the greatest efficiency, being slightly above that of the 
original surface. Numerous coats of paint, even as high as 
twelve, seemed to affect the efficiency in no appreciable 
manner, it being the last or outer coat that always deter- 
mined at what rate the radiator would transmit its heat. 
Reference. — Trans. A. S. H, & Y. E. The Effect of Painting 
Radiator Surfaces, J. R. Allen, Vol. XV, p. 229. 
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liee of the Royal Technical Institute o( Berlin, to determine 
a relBtloD between the efficiencies ot exposed and enclosed 
radlatorB. The results of these tests were reported In the 
Heating and Ventilating Magazine, May, 1914. and the fol- 
lowing la a brief summary. No records were kept of vol- 
umes and temperatures of the air, these differing so greatly 
Ihal the observations were of little value. The radiators 
uaefl were two and three column, plain surface, ten sections, 
Hree inch centers. The two eolumn radiators were S.E 
Incbes wide and the three column radiators were 9 inches . 
wide. 



^t 




Fig. 82. 



"hat Is ordinarily called still air) g-ivlng results for K as 
Imiows: 49 In. 2 col. = 1.62; 24 In. 2 col, = 1,74; BO in. 3 
f'l. = 1.38; 26 In. 3 col. ^ IB. These values were then used 
>s a basis of comparison for showing increased or reduced 
"Ilclencles . of various housings. At the conclusion of the 
'"t wries, teats were conducted upon the same radiators 
, Imused as shown in Fig. 83. 
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RESULTS FOUND. 

A. The best spacing^ was found to he r = f z= 2.5 inches, 
althoug^h K was about 8 per cent, less than in normal setting 
when thus enclosed. O should be at least the width and 
length of the radiator. When O was less than this amount 
K rapidly decreased. For open inlets c = length of radiator 
and d min. = 4 inches. In such cases K was reduced 15 per 
cent. With inlet screened K was much less. 

B. With r = f — 2.5 inches, the housing without top 
increased JjC as much as 12 per cent, because of the increased 
velocity of the air over the radiator due to the chimney ctction. 
The best results were obtained when the area of the inlet 
in square inches was approximately ten times the heating 
surface of the radiator in square feet. K increased by mak- 
ing enclosure higher than radiator. 

C. Narrow shelves placed 3 inches or more above the 
radiators had little effect. Where a was such as to be flush 
with the front of the radiator and * = 3 inches K fell off 
about 5 per cent. On low radiators the loss was about 10 
per cent. In either high or low radiators where t = 4 to 5 
inches, K was about normal. Curved deflectors under shelves 
showed little or no gain in efficiency over the square corner. 

D. Maker = 2.5 inches and f = 3 to 6 inches. Where 
* z= 3 inches K was reduced 8 per cent. Where < = 6 inches, 
K was approximately normal. Side spacing had little or no 
effect. 

E. A very inefficient form of housing even with d and 
open slots. Under the very best conditions K was reduced 
25 to 35 per cent. 

F. With r z= ^ = * = 2.5 inches, K was-reduced about 20 
per cent. 

G. A very inefficient form of housing. K was reduced 
30 to 40 per cent. 

Tests of hot water radiators under the same conditions 
of housing verified the values found for steam. A convenient 
xoay to apply the above is to figure the square feet of radiator 
surface for normal setting and then multiply this amount by 
the following approximate values: A, 1.10; B, 1.00; C, 1.07; 
D, 1.10; E, 1.30; F, 1.20; G, 1.40. 

In places where direct-indirect radiation is desired a.nd 
no provision has been made for it in the buildingr plan, Fig". 
83 is suggested as a good substitute. The housing around 
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the radiator accelerates the draft and the damper arrange- 
ments give opportunity for all outside air, mixed outside and 
inside or all inside air at the discretion of the occupants. 

95. Amount of surface In Radiat- 
ors: — Table XIII gives according to 
the columns and heights, the num- 
ber of square feet of radiation sur- 
face per section in cast and pressed 
radiators. This table presents ap- 
proximate values in very compact 
form from extended tables in the 
manufacturers' catalogs. An approx- 
imate rule supplementing this table 
and giving, to a very fair degree of 
accuracy, the square feet of surface 
in any standard radiator section, is 
as follows: multiply the height of the 
sections in inches hy the number of col- 
umns and divide by the constant 20; the 
result is the square feet of radiating sur- 
face per section. The rule applies 
with least accuracy to one column 
radiators. 

96. Pipe Fittings:— Common and 
special. — Pipes of standard diameters 

^" ^* and random lengths are made from 

both wrought iron and steel. These pipes are cut, threaded 
with standard threads and connected with standard malleable 
or cast iron fittings to form any desired combination. Wrought 
iron pipe is considered by some to be more durable than 
steel pipe for general service but because of less first cost 
steel is more frequently employed. For exact diameters, 
surfaces, etc., see Table 29, Appendix. 

Lengths of pipe are connected in straight runs by unions 
and couplings. Unions are threaded right-hand, and right- 
and-left. As distinguished from the right union the right- 
and-left has one end tapped right hand and the other 
left hand and connects between sections of a straight 
run already laid. Flanged couplings (usually packed 
between the flanges) are generally employed in con- 
necting large sized pipes, and in addition are used on 
a-ny sized pipe in places where sections may need fre- 
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TABLE XIII. 



Dimensions and heatingr surfaces of radiators, per section. 



Type of 
radl&tor 



o 


I per 
nche8 


09X3 


fl« 




^B 


0..a 


a ri 




"1 


^s 


<i OQ 



Square feet of surface for over- all beiirhts 



45'' 38" SZ" 26r 23r 23r 20r 18" 17" 16" 14" 



1 Col. O. I 

2 Col. O. I 

8 Ool. C. L_,.- 

4 Ool. C. O 

Flue wide 

Plue narrow ___ 
1 Col. press 

3 Col. press 

4 Col. press 



5% 
8% 
10 

11% 

12% 

8% 

&% 

8% 

12 



2% 

2% 

2% 

3 

3 

3 

2 

2 

2 



5 

6 

10 



6 



3 
4 
5 

8 



7 
3 
5 



2% 
3% 
4% 
6% 



5% 
2% 
4% 



2 

2% 
8% 
5 



4% 

2 

3% 
4% 



1% 
2% 
3% 
4% 



2% 
S 

4 



1% 

3 

3% 



1% 
2 

2% 
3% 
6 
3% 



1% 
1% 
2% 
3 

5% 



1% 

2% 
3 



4% 



1% 



4% 



1 
1.5 

2^ 



Wall rad. . 
C. I. 

Thick. 3" - 



A. R. 1 


r 13i4''x29%''] 


9 13%*X22^ 1 


7 






sq. 


sq. 


U.S. 1 


i 14%''x29%"J 


ft. 14%"x22%''J 


ft. 



13%"xl6%*l 5 
Vsq. 
14%''xl6%''J ft. 



quent removal for repairs or inspection. Elbows (usually 
called ells) change the direction of any run through 90*. 
See double pitch ells, Art 86. Tees are used where branches 
leave a straight run at 90*. They are sometimes made with 
a 45* instead of a 90* branch and are called laterals or Y 
fittings. Couplings, elbows, tees and laterals are m.ade with 
varying inlet sizes. These are called reducing couplingSy re- 
ducing ells, reducing tees, etc., and are specified as foUo'ws: 
state the sizes of the straight run, large and small, and 
second state the size of the branch. For illustration, a 
2" X IW X 1" reducing tee Will change the size of the straight 
run from 2" to 1%" and give a branch of 1". Where branclxes 
are made for water heating they should be so formed as to 
give a free and easy movement to the water. In such cases 
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it is desi 


able to uae pipe bends havtnB a radtua of three to 


five pipe 


diameters, ^Instead o( the common albow. In all 


™«,B pl, 


e ends should be carefully reamed before assem- 


Mine to 




importan 


in water heating as the burr on small pipes la 


aiiinetLme 


heavy enough to reduce the area of the pipe by 


nnc-half, 


thus creating- serious eddy currents and increasing 



^P 



Fig. 84. 

Eoce«tHc reducing fittinije (Fig- 84) are often of value in 

>e used on horizontal steam mains (Fig. 7D) when reduc- 
ions are made from ofib size to another. BaiMnge should not 

estrlction to flow due to the square end of the bushing. 



Valvei are of two 


ee 


eral types, gloie and gate. Globe 


lives are Installed o 


steam lines but they should not be 


aed on horizontal ete 




*ater pocket and hind 


r drainage. Cate valves offer an un- 




obstructed paBBage for both 


^ 


■^  steam and water. They are 




SP recommended on all water 




/^■tN 


iJU| lines and are being increas- 


(idlll 




L ingly used on steam lines. 






\ Globe valve.i, however, are 






J| less expensive and are more 






rH easily repaired. The besi 


— ^^P^^ 




type of globe valve has a 


X^ ^ -^^ k 




J^ renewable composition seat. 


FiK. 85. 


~ Fig. SB shows sections of 
each type. 


Radiator inlet valve 


are usually angle type. Those used 




esaure steam systems are packed with 


It packing and those 


us 


d on systems which are occasion 



leo 
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ally unfler partial vacuum are neceaaarily of the pafkleea type. 
Those used on atmosphertc and vacumn systems generally 
have eraduatea control. Ptg. SG a.hows aeveral models of 
these valves. Water radiator valves are o( the quick openinp 
or butterflt/ type, opening and closing with a quarter torn ol 
(4ie handle and having a small hole through the valve to 
permit Just enough leakage when clnsed to keep the radia- 
tor from freezing. For radiator relum urilre* to be uted on 
meOianical vacuum lyilemi, See Chiipter IX. 
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Check valves are of two kinds, swing and lift. They are not 
needed on the ordinary low pressure gravity water or ateam 
syatema, but where used swing checks should be specified 
rather than lift checka, for the former operate at less d III er- 
entlal pressure and offer much less resistance to the paasaee 
of water and steam. FIk. 87 shows a section of each. 



and Its frequei 


lit or automatic removal becomes 




this purpose i 


jmall hand operated valves or 


cocks, Fig. 8S, 


are Inserted near the top of the e 


in all hot watei 


: radiators, and automatic valves a 


at one-half to 


two-thirds the height of the iast 


§f( 


TMH^ ^roiifi. 


■tL 


uisq^ ^W 




Fig. 88. 




and are always omitted. Fig, 89 

r valve using the principle of the 

pansion stem. As long as air is in 

with the stem It remains con- 

'acted and the needle valve is open 



va!v( 



inds the s 
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it evaporates at the steam temperature and csuaes b. 
defection ol the base of the vontalner sulTtcJently to move 
the valve pin and close the valve. Air temperatures being 
leas thtm steam temperatures, the reverse action takes place 
when d.lr collects around the stem and the valve opens tor 
air release. Water Jetting, which Is frequently found with 
air valves. Is eliminated by (he floalation of the container 
which Is free to lift ana ride the water that collects in the 
float chamber. A modification of this valve (Fig, 91) has. 
In addition to the thermal features just mentioned, an at- 
mospheric air pressure feature which permits its use or 

tor, atmospheric air presses upward against diaphragm 1 
and forces the pin valve against its seat. It will be aeeii 
that when the pressure within the radiator Is leas than 
atmospheric the difTerentlal pressure closes the valve and 
keeps air out. When the pressure wtthtn the radiator is 



Fiar. 90. Fig:, si. 

slightly above atmospheric the valve stands open except at 
the times when all the air Is exhausted and the steam holds 
the valve closed through the expansion member. By tha 



■-^irn^'- ■"■■ 
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or both may be had for quick venting on mains, colls and 
othor parts of a heating ayatem. Pies. 9S and 93 operate on 

tnide of two strips of dteslmilar metala brazed together In 
Ihe form of a loop. These metals expand at different rates 
under changes of heat and cause endwise movement of the 




Flff. 92. Fl^. 93. 



vaTve rod, thus openlnK or closing the valve. The hollow 
float serves the purpose of catching; any sudden aurge of 
water and avoids flooding. The second one employs a long 
■■entral tube which carries at the lop. the valve seat of the 
needle valve. The needle Itself Is carried by the two side 
fodB. Ab long as the air flows up through the central pipe, 
Ihe needle valve wilt remain open, but when steam enters 
the lube It expands and carries the valve seat upward 
against the needle, thus closing the valve. The size and 
strength of parts make this form a very reliable one. t'nr air 
/lire valtiet (o be used on medtanicnl air line ayttems, see Chnpler IX. 
•T. BipanaloD Tanki — The expansion tank is a neces- 
sity in all atmospheric hot water systems. Its function Is 
lo serve as a supply tank for the system and also as a take- 
"P for the excess volume due to (ha heating of the water. 
fig. Si shows a typical cylindrical galvaniied tank supplied 
incapacities of S, 10, 15, 20. 26. 32, 42, «e, S2 and 100 gallons; 
'he average size, 16 in. dlam. Jt SO in. high la rated for 
approximately 1000 square feet of radiation Including mains. 
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Figr. 95 is an automatic, self-filling:, copper lined tank ap- 
proximately 20 in. X 9 in. X 10 in. and is supplied for sys- 
tems up to 2000 square feet capacity. The gralvanized tank 
is tapped 1-inch for the overflow and. expansion pipes, and 
the automatic tank is tapped %-inch supply, 1%-inch ex- 
pansion and 1^-inch overflow. The expansion tank is often 

TO 
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POLO 
W\TER 
LEVEL 




I TO NEAREST FTjCM 

Fig. 94 Fig. 95. 

located in the bath room or a closet near the bath room and 
its overflow connected to the proper drainage. It should 
be set at least two feet above the highest radiator. The 
connection between this tank and the heating system is 
often by a branch from the nearest radiator riser. The best 
connection is by an independent riser from the basement 
return main. The capacity of the tank for any system up 
to 1500 square feet may be obtained by the approximate 
rule: divide the total radiation by JfO to obtain the capa^ty of 
the tank in gallons. 

98. Fire Colls or Water Backs for Hot Water Supply t — 
Pipe coils or cast iron water chambers (water backs) may be 
installed in the combustion chamber of any furnace, hot 
water or steam plant for heating the domestic hot water 
supply. Care must be exercised in installing these fixtures 
to see that there is an up-flow for the water from the point 
of entering to the point of leaving the fire box. Soft water 
should be used in these water systems wherever possible because of 
the lime and other deposits thrown off from, the hard water. If it 
becomes necessary to circulate hard water the coils should 
be examined at least once each year to see that they are not 
filled with lime. Lime deposits cut down the heat transmis- 
sion, cause the pipes to burn and endanger the plant in 
making it more liable to explosion. In many plants the 
heating surface on these coils is excessive. On cold days 
under heavy fire the water in the tank is maintained at the 
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boiling point when lower temperatures would be more satis- 
factory. This condition may be corrected by attaching water 
connections to the circulating pipes outside the fire box and 
running these leads to a hot water radiator where heat is 
most needed. Each lead to the radiator and the flow pipe to 
the hot water tank should be valved with gate valves so as 
to regulate the circulation in each line. 

©9. Corrosion of Pipes : — Much has been said and writ- 
ten about the internal wastage or wearing away of steel 
and wrought iron pipes conveying hot water, but owing to 
the fact that such a long time is necessary for a compara- 
tive test and surrounding conditions are so changeable, no 
authoritative data have yet been found to prove conclu- 
sively to pipe users that either of the two (steel or iron) is 
longer lived than the other. Most of the pipe now used In 
the country is of mild steel, probably because of the fact 
that this pipe can be manufactured and marketed at a lower 
price. Nevertheless if it may be shown by any conclusive 
proof that wrought iron pipe is more durable the price 
would be a secondary feature in the purchase. One of the 
most convincing papers tin this subject yet presented to the 
engineering profession is found in the Trans. A. 8. H. d V. E., 
Vol. 24, p. 217, by F. N. Spellor and R. G. Knowland. A copy 
of the paper is also found in Technical Paper 236, Depart- 
ment of the Interior, Bureau of Mines. 
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PRINCIPLES OP THE DESIGN, WITH APPLICATION. 

100. SelectlBff Bolters for Capacltyt — To determine the 
necessary boiler capacity for a griven installation, find the 
theoretical grrate surface to supply the calculated heat loss 
plus 20 to 30 per cent, to cover that lost from the mains and 
risers, and select a boiler having' at least this amount of 
gyrate from the catalog: data representing: the type of boiler 
desired. Current practice adds 25 to 50 per cent, to the 
theoretical grrate as a safety margrin. Rule. — To find the the- 
oretical grate surface in square feet, divide the total B. t, u. required 
per hour for maximum heating service by the product of the pounds 
of coal estimated per square foot of grate surface per hour {rate of 
combustion), the efficiency of the furnace and the heat value of the 
fuel in B. t. u. per pound. (See Equation 46). 

The following" rates of combustion may be used for in- 
ternally fired heating boilers: 



Sq. ft. of ffrate 


4-6 


6-10 


10-18 


18-30 






Lbs. coal per sq. ft. grrate per hour 


5 


6 


8 


10 



Boilers with constant attendance, such as power boilers, 
may have a higher rate of combustion. 

Catalog: rating's are usually obtained from test data 
taken when the boilers are burning anthracite coal. Where 
boilers are to be used with soft coals the 50 per cent, addi- 
tional capacity mentioned above had best be taken because 
of the larger volume needed per pound of coal and because 
of the sooty nature of the coals. 

Application. — Assume a total building heat loss (includ- 
ing mains and risers) of 150000 B. t. u. per hour; soft coal 
13000 B. t. u. per lb.; 5 pounds coal per sq. ft. of grate per 
hour; and boiler efficiency 60 per cent.; then from Equation 
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46, G. A. = 550 SQ. in. Add 50 per cent. = 825 sq. in. = 5.7 
sq- ft. From the Ideal Fitter this gives an S-25-5. Sectional 
boiler with a hard coal rating of 1100 sq. ft. of heating sur- 
face. 

101. Calcalation of Radiator Surface — Direct Radiation t 

—In designing a hot water or steam system, the first impor- 
tant item to be determined is the square feet of radiation to 
be installed in each room. Nearly all other items, such as 
pipe sizes, grate area, boiler size, etc., are estimated with 
relation to the radiation supplied. The correct determina- 
tion then, of the square feet of radiation in these systems 
is all important. The general equation used to obtain the 
square feet of radiation for any room is: 

total B. t. u. lost from the room per hour 



Rn 



K (av. temp. diff. between inside and outside of rad.) 



Rule. — To find the square feet of radiation for any room divide 
ihe calculated heat loss in B, t. u. per hour by the quantity K times 
the difference in average temperatures between the inside and outside 
of the radiator. 

Expressed in symbols 

H(orH') 
Rw = (49) 



(ta + tb t -\- to\ 

2 2 / 



H (or H') 
R, = (50) 



/ , t-\- t!,\ 

n" — —) 



Where Rw and Ri> = sq. ft. radiation required for water 
and steam heating, ta and tb = water temperatures entering 
and leaving radiators, t and to = temperatures of air passing 
over radiator and tg = temperature of the steam. In ordi- 
nary direct radiation calculations the term [(* + '«) -r- 2] is 
usually taken 70. 

In Art. 92, the rate of transmission K, (Amount of heat 
transmitted through one square foot of surface per hour per 
degree difference in temperature between the inside and the 
outside of the radiator) obtained from tests, varies inversely 
With both the height and the width of the radiator, being as 
high as 1.93 for low 1-column and as low as 1.40 for high 
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4-coluran radiators. For extreme accuracy these values may 
be used. For ordinary service, however, they may be sum- 
marized with fair accuracy into: 

low radiators — 16 to 23 inches — 1.8 
medium " —23 to 32 " —1.7. 
high " —32 to 45 " —1.6 

All applications in this book will be taken 1.7. 

With hot water as the heating medium the temperatures 
within the radiator for the open tank system are about as 
follows: entering the radiator ISO"; leaving the radiator 
160"; average temperature on the water side 170'. To find 
the amount of hot water radiation for any other average 
temperature of the water, substitute the desired average 
temperature in' the place of 170. The maximum drop in tem- 
perature as the water passes through the heater will seldom 
be more than 20 degrees even under severe conditions. The 
temperature of the entering water may be assumed as high as 
212* if it is considered necessary in which case each square 
foot of surface becomes more efficient and the total radia- 
tion in the room may be reduced. Since radiators become 
less efficient from continued use, it is best to design a sys- 
tem with lower temperatures as stated and under stress of 
conditions the capacity may be increased by raising the 
flow temperature to the boiling point. With a room tem- 
perature of 70*, a 26-inch 2-col. or 3-col. hot water radiator 
will give off 1.7 X (170-70) = 170 B. t. u. per square foot 
per hour and the amount of radiation is: 

For hot water, open tank direct ra^diation as usually applied 

H H 

Ru, = = = .006 H (51) 

1.7 (170 — 70) 170 

For the Honeywell system and others maintaining pressures 
above atmospheric, use higher water temperatures in the 
general equation. For example, suppose these temperatures 
are entering at 220* and leaving 200*, we have 

Rw = = =r .0042 H (52) 

238 



(220 + 200 \ 



A steam system may be installed to work at any pres- 
sure from a partial vacuum of, lay 10 pounds absolute, to as 
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bigh a pressure as 75 pounds absolute. To calculate the 
proper radiation for any of these conditions use Equation 50 
and substitute the proper steam temperature. 

The temperature within a steam radiator carrying- steam 
at pressures varying between and 3 pounds gage may be 
taken 220'; then the total transmission for this radiator will 
l>e 1.7 X (220 — 70) = 265 B. t. u. per square foot per hour, 
and the amount of radiation 

For Steam, gravity direct radiation as usually applied is 

H H H 

R, = = , safe value = = .004 H (53) 

1.7(220 — 70) 255 250 

It will be seen from Equations 51 and 53 that Rw = 1.5 Rt. 

This ratio is frequently used 1.6. (See also Art. 137 for 

logarithmic equation). 

For atmospheric and vapor systems with individual traps on 

the return end of each radiator 

^ H B H 

Rt = = -, safe value = = .00417 H (54) 

1.7(212 — 70) 241 240 

For atmospheric and vapor systems vnth open return and 20 

P^r cent, excess radiation for cooling surface 

JSr X 1.2 H 

Ry = = = .005^^ (55) 

1.7(212 — 70) 200 

Note. — Equations 51 to 55 will meet average conditions. 

If for high radiators, low radiators, wall or pipe coils it is 

considered necessary to be more specific, use the values K 

^iven in Art. 92. 

Application. — Referring to the standard room with H = 
15267, Art. 39, the equations quoted above give: 

(51) hot water, open tank 91 sq. ft. 

(52) hot water, closed. tank 64 sq. ft. 

(53) Steam, to 3 lbs. 61 sq. ft. 

(54) Steam, vapor, closed returns 64 sq. ft. 

(55) Steam, vapor, open returns 76 sq. ft. 
Assuming a 26-inch 3-col. type cast radiator, we have as 

follows: 

for (51), 24 sections, radiator 60 inches long. 

for (52), (53), (54), 17 sections, radiator 42.5 inches long. 

for (55), 21 sections, radiator 52.5 inches long. 

Many empirical equations and rules have been devised 
(based somewhat upon the rational Equations 49-55) in an 
attempt to simplify calculation, but their applications are 
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untrustworthy unless used with that discretion which comes 
with years of practical experience. The reason why such 
empirical rules often grive erroneous results is because of 
the fact that nothing: is said concerning: exposure and equiv- 
alent wall, such as floors and ceiling:s. Some of these equa- 
tions and their applications to the "Study" Art. 62, where 
O = 48, If = 192 and C = 1900 are: 

awe 

(a) Rw z= 1 1 = 24 + 19.2 + 31.6 = 74.8 sq. ft. 

2 10 60 

W G 

(b) Rw z= G -\ -\ = 48 + 9.6 + 19 = 76.6 sq. ft. 

20 100 

ZG W C 

(c) Rw = 1 1 = 36 + 19.2 + 19 = 74.2 sq. ft. 

4 10 100 

G W C 

(d) R, = 1 1 = 24 -f 19.2 + 9.5 = 52.7 sq. ft. 

2 10 200 

2 W C 2 

(e) /2, = — (O + 1 ) = — (48 4- 9.6 + 19) = 

3 20 100 3 
51 sq. ft. 

G W C 

(f ) R. = 1 1 = 24 + 9.6 + 9.5 = 43.1 sq. ft. 

2 20 200 

Checking: these Equations 51 and 53 we have Rw = 76 sq. ft. 
and i2< = 52 sq. ft. 

102. Direct-Indirect Radiation t — This system of heating 
Is used In some homes and in many moderate sized school 
buildings. It has the simplicity of direct radiation with cer- 
tain ventilating: possibilities which may be had at a reason- 
able first cost. In discussing direct-indirect heating:, how- 
ever, it should be remembered that the ventilating feature 
of the system is very erratic, having a tendency to move too 
much air when the wind pressure Is against that side of the 
building where the radiator Is located and too little air 
when the direction of air movement is reversed. The re- 
quir ment of a constant supply of 1800 cubic feet of air per 
person can not be maintained by convection processes solely. 
The reason for this Is the low velocity of the air entering 
the building (even In some cases a reversal of movement) at 
times when the air pressure is reversed. In order to keep 
from over heating the roo'm with too much direct-indirect 
radiation (found necessary in keeping up the air supply) 
some reduction must be made from the usual requirement of 



HOT WATER AND STEAM HEATING 171 

ventilation when designing this type of system, say to 1200 
^r 1500 cubic feet. Direct-indirect radiation should always be used 
"* ^^nection toith inner loall ventilating stacks and preferably those 
^'^ed ysixj^ aspirating coils. Such stacks have a pull on the 
room air and overcome to a certain extent the back draft of 
j ^^^ room air over the radiator. 

In school house heating, direct-indirect radiation is 

I usually installed in connection with direct radiation. The 

^^0 kinds may be assembled in each radiator or certain 

radiators may be all direct and others all direct-indirect as 

preferred. Ten to twelve sections of the standard radiator 

^fe usually connected to one wall box. Wall boxes are made 

in varying sizes; one standard form being sold in three sizes 

I ~~8x24, 8x30 and 8x36 inches, having approximately 100, 125 

! ^^^ 160 square inches net area respectively. High radiators 

«Ao«Id he used because of the chimney effect in overcoming back 

^^ft8. Loto pressure hot water, vacuum or atmospheric steam sys- 

f^ should' be used uHth caution because of the danger of freezing. 

In estimating direct-indirect radiation with the accom- 

P3,nying duct sizes, it may be done by either one of two 

'Qethods: first, estimate the direct-indirect radiation to supply 

^he necessary heat to warm the amount of ventilating air 

I '^fisired and add sufficient direct radiation to make up the 

I balance of heat for the calculated heat loss, JET; second, esti- 

i ^^te the direct radiation necessary to supply H and add 50 

: Per cent, for indirect heat given to the entering air, then 

I enclose and connect to wall boxes the necessary radiation 

'op direct-indirect work. 
i Application. — Assume a standard recitation room in a 
School building having 13" brick walls; the room to be 24 
't. x30 ft. one side and one end exposed, window area = one- 
sixth the floor area, 12 ft. ceiling, H = 50000 B. t. u., and 
arrangement of seating (excepting 8 feet across the front 
of the room reserved for instructional purposes) 15 square 
feet of floor space per pupil. 

Analysis. — Number of pupils 35. Amount of air required 
for ventilation (say 1400 cu. ft. per pupil) = 49000 cu. ft. 
per hour. Select medium sized wall box 125 sq. in. net wind 
area. With favorable conditions we may expect 1 to 2 cu. ft. 
air per min. per sq. in. net wall box area (air velocity 2.5 to 
5 f. p. 8.) Call this 1.5 cu. ft. We have 125 X 15 X 60 
J1250 cu. ft. per hour per wall box. 11250 -^ 1400 = 8 pup 
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supplied. Four wall boxes 8 in. x 30 in. will approximately 
supply all the pupils at the rate of 1400 cu. ft. per person. 
These theoretically should give 11250 x 4 = 45000 cu. ft. 
air per hour. Since this number of radiators makes a good 
division for the room, the same number of radiators may be 
used. In the direct-indirect arrang:ement just mentioned, 
with averagre air velocities, air temperatures may be. raised 
from zero to 125** and each sq. ft. of included radiation will 
give ofC approximately 375 B. t. u. per hour (when the out- 
door air is below zero it will be advisable to recirculate part 
or all of the air). The heat given to the air will be [45000 X 
(125 — 0)] -7- 55 = 102272 B. t. u. and th« radiation will be 
102272 ~- 375 = 273 sq. ft. = four radiators 68 sq. ft. each 
(approximately 160 cu. ft. of air per sq. ft. of radiator sur- 
face). In all probability these would be taken 12 sec. 38-in. 

3 col. 60 sq. ft. With 60 sq. ft. in each radiator the total 
heat given off to the air in the room will be approximately 

4 X 60 X 375 = 90000 B. t. u. Of this amount of heat 56 
per cent. (50404 B. t. u.) is used to raise the temperature of 
the air from zero to 70" and 44 per cent. (39600 B. t. u.) is 
used to raise it from 70** to 125°. This latter amount will be 
given off to the room air and is a credit to the heat loss H. 
50000 — 39600 = 10400 B. t. u. to be supplied by direct radia- 
tion. 10400 -^ 250 = 41.6 sq. ft. = 8.3 sections, 38-in. 3-col. 
radiation. Assuming this to be 8 sections and divided 
equally among the radiators we have four 38-in. 3-col. radi- 
ators each consisting of 12 sec. direct-indirect and 2 sections 
direct radiation. This would be considered a fairly satisfac- 
tory arrangement. The direct-indirect radiation should be 
installed so as to operate as such on outside air or as direct 
on recirculated air if desired. 

Under the second method suggested find 50000 -^ 250 = 
200 sq. ft. of direct radiation to offset H. Add 50 per cent. = 
300 sq. ft. total = four 38-in. 3-col. radiators each 15 sec. 
divided 12 sec. direct-indirect and 3 sec. direct. 

Comparing the amount of radiation obtained by the first method 

loith -the amount required if heated by direct rotation, toe home 

direct radiation .... 200 sq.ft. = 1.00 

direct -indirect radiation - 240 sq. ft. = 1.20 

Combined 

direct radiation - - 40 sq. ft, = .20 
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103. Gravity iBdlnet Radlatlont — ThtB provides one of 
e most HBtlsta.ctory ayatema of heating. In all essentlala 
compares with the turna.ce system, with the furnace re- 
placed by Individual steam 
or hot water radiators. 
(See Fig. 96). It Is an Im- 

Indirect system In that 
there \b a fairly constant 

Radiators of either the ex- 
tended pin or ribbed type 
are used. Some of the 
standard sizes aie given in 

The Indirect radiator 
should be set £0 to 24 
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To determine the amount of air • circuUUed per hour, read 
Arts. 49-51. In residences and ofTices, air as a heat carrier 
will be sufficient. In schools and auditoriums there will be 
an excess of air for ventilation. Where this is true the tem- 
perature of the air leaving: the radiator should be corre- 
sponding:ly below what it would be if only heating: were con- 
sidered. (See Art. 52). 

The loiceat temperature of the enterinff air may be taken zero. 
At lower temperatures part or all of the air should be recir- 
culated. The temperature of the air leaving the radiator depends 
upon the velocity of movement over the radiator. 

Table XV, from experiments by J. R. Allen, cols. 2 and 3. 
gives air temperature rise in passing over the radiator. 

TABLE XV. 









B. t. u. transmitted 


Cubic feet 


Rise in 


Pounds of steam 


persq. ft. of 


of air 


temperature 


Condensed per sq. ft. 


radiation per degree 


passing 


of the air 


of radiation 


difference in temp. 


persq. ft. 






between steam and air 


of radia- 














tion 


Stand- 


Lonr 


Standard 


Long 


Standard 


Long 


per hour 


ard pin 


pin 


pin 


pin 


pin 


pin 


50 


147 


140 


0.125 


0.150 


0.80 


0.95 


75 


143 


137 


0.170 


0.210 


1.17 


1.27 


100 


140 


135 


0.240 . 


0.260 


1.51 


1.60 


125 


138 


132 


0.295 


0.310 


1.85 


1.90 


150 


135 


129 


0.355 


0.360 


2.22 


2.20 


175 


132 


126 


0.410 


0.405 


2.57 


2.47 


200 


130 


123 


0.470 


0.450 


2.90 


2.72 


225 


127 


120 


0.530 


0.490 


3.25 


3.00 


250 


• 123 


118 


0.586 


0.530 


3.60 


3.20 


275 


121 


115 


0.645 


0.570 


3.90 


3.40 


300 


119 


112 


0.700 


0.610 


4.22 


3.60 



In the desig:n of indirect heating systems there are cer- 
tain approximate values which may be recommended as rep- 
resenting fairly standard practice. These values which fol- 
low may be used in connection with Table XV. 
Cu. ft. of air per sq. ft. of radiation 

(residence) steam 150 water 100 

K for residence heating 2.2 

Cu. ft. of air per sq. ft. of radiation 

(schools) " 200 " 133 

K for school heating 2.6 

Temperature of air entering radiator zero 

Temperature of air leaving radiator 

(residence) 100, 125 and 150 
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Sq. ft. of radiation determined by Equation 56 or 57 

H' 
R, — (56) 



x(,.-i±i) 



Rw — (57) 



iU-{-U f + f. \ 



Where terms are as stated in Art. 101. 

Sq. in. of flue area per sq. ft. of rad. Steam Water 

Height between c. of rad. and c. of reg. 5 ft. 2.00 1.33 

10 ft. 1.40 .90 

" 20 ft. 1.00 .66 
Select type of radiator from catalog data. 

Indirect radiators are usually arranged to permit recir- 
culation of the air from the house when desired. For other 
information on recirculating ducts, registers, etc., see fur- 
nace heating. 

Application 1. — In Art. 62, the Living Room (/7 = 15267) 
and Chamber 1 (F = 10583) are to be supplied with indirect 
steam heat, design the heaters and heat lines. 

Solution. — ^Assume U — 0\ t — 125 and *« = 220; then for 

the Living Room 

55 X 15267 

Q (Eq. 33) = = 15267 

125 — 70 

15267 X (70 — 0) 

H' (Eq. 30) — 15267 H = 34698 

55 

34698 
R» (Eq. 56) — = 100 sq. ft. 



(125 + \ 
220 I 



Efficiency of radiator = 2.2 (220 — 62.5) — 346.5 B. t. u 

Amount of circulating air = 100 X 150 = 15000 cu. ft. 

Compare this with calculated value of Q. 

Check amount of indirect radiation with direct radiation, 
-^rt. 101, Eq. 53. This shows an increase of (100 — 61) -j- 
^1 = 64 per cent, above the calculated direct radiation for 
^he same room. 



176 HEATING AND VENTILATION 

Square inches warm air duct area = 2 X 100 = 200. 

Square inches cold air duct area = 200 X -8 = 160. 

For Chamber 1, with temperatures as before 

55 X 10683 

Q - = 10683 

126 — 70 

10583 X (70 — 0) 

W = 10583 + = 24143 

56 

24143 
R, = = 70 sq. ft. 



(125-1-0 \ 
220 ^— ) 



Eflficiency of radiation = 346.5 B. t. u. 

Check amount of circulating air, 70 X 150 = 10500 cu. ft. 
Compare this with Q. 

Check indirect radiation with direct radiation, 66 per 
cent, increase. 

Square inches of warm air duct area = 1.25 X 70 = S8 
Square inches of cold air duct area = 88 X .8 = 70 

Application 2. — In Art. 102, a school room 24 x 30 ft. has 
a heat loss of 50000 B. t. u. and has 35 pupils. It is required 
that this room be heated by indirect radiation, desig-n the 
heaters and heat lines. 

Solution. — Q = 35 X 1800 =r 63000; to = 0;'ts = 227. 

50000 X 55 

t = h 70 = 113.6 say 114". 

63000 

//' = 50000 + 63000 X 1.27 = 130180. 

130180 
R> = = 295 sq. ft. 



/ 114 + \ 
2.6 I 227 . I 



Efficiency of radiator = 442 B. t. u. 

Check amount of circulating air, 63000 -^ 295 = 213 cu. ft. 
per sq. ft. radiation. 

Check amount of indirect radiation loith direct radiation for the 
same room and find direct =. 20(7, indirect = 295; approximately 
1.00 : 1.50. 

104. Aspirating^ Coils: — For the most efficient service, 
direct-indirect and indirect heating should be accompanied 
by a positive withdrawal of the air from the rooms throug-h 
ventilating ducts. This is true especially in the heating of 
school buildings. Individual electric driven fans may be 
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housed in the vent ducts or the vents may be g^athered to- 
gether in the attic and housed in around one exhaust fan, 
but these plans require extra care in installing and are ex- 
pensive in first cost. Furthermore, in many places electric 
po^ver can not be had. In such places indirect radiation 
(aspirating coils) may be placed in the vents as shown by 
Fig", 97 and the heat given off will produce convection air 

currents which insure a positive 
withdrawal of the room air. This 
is not an efficient method of pro- 
ducing draft, in fact any other 
workable method should be em- 
ployed where possible. 

In installing aspirating coils 
they should each be piped direct 
from the boiler room. The valves 
should be located in the boiler 
room and should be under the 
control of the boiler attendant. 
When the rooms are not occupied, 
steam should be cut out of the 
coils and the vent dampers closed 
to avoid depleting the room of 
warm air. When coils are cut off 
they should be drained to avoid 
freezing. 
The amount of radiation to install in each vent flue 
varies in different localities. Fairly satisfactory results 
seem to be obtained with two vents to each room (25 x 30 x 
12 ft.) and 30 to 40 square feet of cast iron indirect radiation 
in each vent. For sizes of vent ducts above heaters see cor- 
responding sizes in furnace heating. 

105. Greenhouse Heatingr: — In estimating greenhouse 
radiation the problems are essentially different from those in 
ordinary house radiation. In greenhouses glass surface is 
larg'e, wall surface is small and air circulation is compara- 
tively less. The rational equation for heat loss, therefore, 
has less to do with volume and except in unusual cases may 
be considered to have but two terms — glass and wall. Where 
volume is accounted for, calculate n as in Chap. III. Instead 
of ordinary cast iron radiation, the radiating surfaces are 
wrought iron or steel pipes 1^-, IVz- or 2-inch diameter (or 




Fig. 97. 
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cast pipes 2^- to 4-inch diameter) assembled as coils with 
manifold headers. The values of K for these coils may be 
found in Art. 92. Although test values run as higrh as 2.65 
for singrle horizontal pipes it is a safe plan because of the 
dirt deposits on and in the pipes, to allow an averag^e value 
of not to exceed 2.2 for all wrought iron or steel coils and 
1.8 for all cast iron coils. Find H by Equation 26 (or 27), 
using only glass and wall equivalent and substitute in Equa- 
tions 49 and 50. For all practical purposes H = iO + .25 
Eq. W) 70. 

Assuming wrought or steel coils and zero weather 

H 
Rw = = .0045 H (58) 



Ra = 



2.2 (170 — 70) 
H 



= .0030 H 



(59) 



2.2 (220 — 70) 

If the desired indoor temperature is other than 70*, this 
temperature should be substituted for 70 in the equation. 
Assuming *' = 70 we have Rv, = .32 (G -f .25 Eq. W) and 
Ra = .21 (O H- .25 Eq. W); = one square foot of H. W. radiation 
to S.l square feet of equivalent glass area and one square foot of 
steam radiation to Jf.8 square feet of equivalent gUiss area. 
Table XVI (Model Boiler Manual) shows the amount of sur- 
face for different interior temperatures and different tem- 
peratures of the heating medium. 







TABLE XVI. 








Temperature of water In heating pipes 


Steam 


Temp, of 
air In 






140° 1 160° 180° f 200° 


Three lbs. pressure 


Green- 
house 




Square feet of glaFS and Its equivalent proportioned to one 




square foot of surface In heating pipes or radiator 


40° 


4.33 


5.25 


6.66 


7.69 


8.0 


10.00 


45" 


3.63 


4.65 


5.55 


6.66 


7.5 


8.50 


50° 


3.07 


3.92 


4.76 


5.71 


7.0 


7.40 


55° 


2.63 


3.39 


4.16 


5.00 


6.5 


6.60 


60° 


2.19 


2.89 


3.63 


4.33 


6.0 


5.90 


65° 


1.86 


2.53 


3.22 


3.84 


5.5 


5.20 


70° 


1.58 


2.19 


2.81 


3.44 


5.0 


4.80 


75° 


1.37 


1.92 


2.50 


3.07 


4.5 


4.30 


80° 


1.16 


1.63 


2.17 


2.73 


4.0 


3.90 


85° 


. J7t7 


1.42 


1.92 


2.46 


3.5 


3.50 



This table is computed for zero weather; for lower tem- 
peratures add I'^A per cent, for each degree below zero. The 
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last column was calculated from Equation 50 (K = 2.2) and 
added for purpose of comparison. 

Empirical rules for greenhouse radiation are sometimes 
given in terms of the number of square feet of grlass surface 
heated by one lineal foot of 1^-inch pipe. One such rule is 
— "one foot of 1%-inch pipe to every 2% square feet of glass, 
for steam; and one foot of 1^4 -inch pipe to every 1% square 
feet of glass, for hot water, when the interior of the house 
is 70* in zero weather." Great care should be exercised in 
rating and selecting the boilers and heaters. It is well to 
remember that the severe service demanded by a sudden 
change in the weather is much more difticult to meet in 
greenhouses than in ordinary structures, and that a liberal 
reserve in boiler capacity is highly desirable. 

Both steam and hot water systems are in general use. 
Where continuous heat may be obtained throughout the 
night from a central plant a steam system is very desirable. 
In the isolated plant where the steam pressure drops during 
the night time a hot water system will give more satisfac- 
tory service in cold weather because it guarantees a better 
circulation of heat throughout the night. 

The same rules apply in running the mains and risers as 
apply In the ordinary hot water and steam systems. In 
greenhouse work the head of water in a water system is 
necessarily very low and tends to make the circulation 
slug"grish, but with sufficient pipe area to reduce the friction 
a hot water open tank system having a very low head may 
be made to work satisfactorily. In some houses the coils 
are run along the wall below the glass and supported on 
wall brackets; in others they are run umderneath the 
benclies and supported from the benches with hangers. In 
greenhouses with very large exposure there are sometimes 
required both wall and bench coils, also, a certain amount in 
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Fig. 98. 
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the center, 6 to 7 feet from the floor. In all of these piping: 
layouts it is necessary that as much rise and fall be given 
to the pipes as possible. Fig. 98 shows two systems of pipe 
connections, one where the steam or flow enters the coils 
from above the benches and the other where it enters from 
below, the return in each case being- at the lowest point. 
These bench coils could be run along the wall with equal 
satisfaction. 

Application. — Given an even-span greenhouse 25 ft. wide, 
100 ft. long and 5 ft. from ground to eaves of roof, having 
the slope of the roof with the horizontal 35". The ends to 
be glass above the eaves line. "What amount of hot water 
radiation with average water temperature 170", interior 
temperature 70" and outside temperature 0", and what 
amount of low pressure steam radiation should be installed? 

Length of slope of roof =: 12.5 -^ cos. 35" = 15.25. Area 
of glass = 15.25 X 100 X 2 + 2 X 12.5 X 8.8 =: 3270 sq. ft. 
Area of wall = 5 X 100 X2H-5X25X2 = 1250 sq. ft. 
Glass equivalent = 3270 + .25 X 1250 = 3582.5 sq. ft. Rw = 
.32 X 3582.5 = 1146 sq. ft. Rs = .21 X 3582.5 = 752 sq. ft. 
From Table XVL Ru> = 3582.5 -~ 2.81 = 1270 sq. ft. R» = 
3582.5 -T- 5 = 716 sq. ft. •Check with last column of Table 
XVI. 

References. — Jour. A. S. H. <£ V. E. Heating a Conserva- 
tory and Greenhouse, July 1916, p. 29. Metal Worker. Design 
of Greenhouse Heating Plants, July 9, 1915, p. 44. Heating 
Equipment for Large Greenhouse, Jan. 1, 1915, p. 66. Domes- 
tic Engineering. The Hot Water Heating in Highland Park 
Greenhouse, Sept. 21, 1912, p. 292. 

106. The Theoretical Determination of Pipe Sixes: — The 
theoretical determination of pipe sizes for small hot water 
and steam systems has always been more or less unsatisfac- 
tory because of the difficulty in estimating the friction of- 
fered by different combinations of piping. The following 
analysis is illustrative and does not account for friction. 

Assume a hot water system. Figs. 101-104, having water 
temperatures entering and leaving the radiators 180" and 
160" respectively. Since one pound of water in passing 
through each radiator gives off 20 B. t. u., the radiators in 
the Living RCvm (91 sq. ft.) and Chamber 2 (70 sq. ft.) will 
require 91 anrfv71 gallons of circulating water per hour 
(check the value^, or approximately one gallon of water per 
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square foot of radiating surface per hour. This is a general state- 
nient which will be true for any low pressure hot water 
system with 20 degrees temperature drop. With the amount 
of water required per hour obtain the velocity due to the 
unbalanced columns and find by division the area of the pipe. 
Assume the radiator in the Living Hoom to have a 5-ft. 
static head and that in Chamber 2 a 15-ft. head. Having 
the water temperature in the flow risers 180* and in the re- 
turn risers 160* (good values in practice), the heated water 
in the flow risers weighs 60.5567 pounds per cubic foot, while 
that in the return risers weighs 60.9697 pounds per cubic 

loot. The motive force la f = g x , where g is the 

acceleration due to gravity, W is the specific gravity 
(weight) of the cooler column and TF' is the specific gravity 
(weight) of the warmer column. Substitute f for g in the 
velocity equation and obtain 

V = J 2fJ, = J 2oh ( ^ — ^' \ (go) 

Inserting values IT, W and 7» = (5 and 15) feet, we have 
" = 1.05 f. p. s. (Living Room) and 1.8 f. p. s. (Chamber 2). 
Velocities for any other height of column and for other tem- 
peratures may be obtained in like manner. Reducing the 91 
and 71 gallons to cubic inches and dividing by the velocity 
per hour in inches gives .46 sq. in. and .21 sq. in. respec- 
tively. Since pipe sizes are measured on the internal diam- 
eter these values are equivalent to pipes of %- and %-inch 
respectively. For the determination of pipe sizes, friction included, 
«ee Art. 197. The application of friction equations to pipes 
of 4 inches or more in diameter is very satisfactory but for 
small pipes, such as are found in the average house heating 
plant, it is still the custom to use tables of sizes based upon 
what experience has shown to be good practice. Such tables 
JBay be found in the Appendix. From Table 34 we find the 
hranches and risers to the two radiators under consideration 
to be 1%- and 1-inch respectively. 

In steam systems where the heating medium is a vapor and 
subject in a lesser degree to friction, the discrepancy be- 
tween the theoretical and the practical sizes of a pipe is not 
as great as in hot water. Each pound of steam at 220* in 
condensing gives ofC about 970 B. t. u. To supply the heat 
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loss of the Living- Room, 15267 B. t. u., requires 15.8 pounds 
of steam per hour = .26 pounds of steam per square foot of 
radiation. As a general statement use one-fourth of a pound of 
steam per square foot of direct radicUion per hour. To check this 
statement, each square foot of steam radiation gives off 250 
B. t. u. per hour and will condense 250 -^ 970 = .258 pounds 
of steam. 

The volume of the steam per pound at the usual steam 
heating pressure 17 to 18 pounds absolute is 23 cubic feet. 
Since the above radiator requires 15.8 pounds per hour there 
will be needed 23 X 15.8 = 363 cubic feet per hour. With 
the velocity of the steam in the pipe lines 15 feet per second 
(900 ft. per min. about one-seventh that allowed for power 
plant machinery. Taken as a fair approximation for small 
pipes) the area of the pipe will be 363 X 144 -^ 54000 = 
.97 sq. in. = 1%-in. diameter. For two-pipe connections a 
1-inch pipe would be considered good practice, but for one- 
pipe connections where the condensation is returned against 
the steam, a 1%-inch pipe would be required. 

See Tables 38, 39, 40 and 41, Appendix, for sizes and 
capacities of pipes carrying steam. For a discussion of 
steam pipe sizes by rational equation, including friction, see 
Art. 197. 

107. Proportioning^ Pipe Sixeii for a Heatlnv System i — 

Begin at the farthest radiator and proceed toward the boiler 
as shown in the following tabulations. 




Fig. 99. 
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Basement Main Two-Pipe Hot Water System (Fig. 99). 

TABLE XVII. 

L. P. a: Low Pressure Open Tank System. H. = Honeywell System. 



Sq. ft. 



60 
80* 

140 
00 
TO 
70 

340 
80 
70 

100 

590 



End of supply line, first floor radiator given advantage 
Ketum i>ranche8 same as supply branches 
Return Main reversed. 





Branch 




Branch 






from Kad. 


Riser 


from Main 


Main 




L. P. 


H. 


I/. P. 


H. 


L. P. 


H. 


L. P. 


H. 






% 


A 1 


A % 












1% 


1% 

% 


B 1% 

E 1 

Fl% 


B 1% 

E % 
F 1 


C2 


1% 


D2H 


D 2 




1% 


1 

% 
% 


J 1 
K 1% 


G 1 

J % 
K 1 


H 1% 


1% 


12% 


12% 




1% 


1 


L 1% 


L 1 


M 2 


2 


N 3 


N2% 



L.P. 






P 


Q 




H. 


L. P. H. 


L. P. 


H. 




2 


2% 


2% 


3 


2% 



Basement Main Two-Pipe Steam System. 
Sealed returns. (See Fig. 99). 



TABLE XVIIL 





Branch 






Branch 


• 




from Rad. 


Riser 


from Main 


Main 


Sq. ft 












60 


S 


R 


S 


R 


S 


R 


S 


R 


1% 




A 1% 












80 


1% 




B 1% 




C 2 


1% 






140 














D2% 


Q 2 


90 


1% 




E 1% 












70 


1% 




F 1% 


W4. 










70 


1% 




Gl% 




H 2 


1% 






340 














I 3 


P 2 


80 


m 




Jl% 












70 


1% 




Kl% 


1% 










lOO 


1% 


1% 


L 1% 


1% 


M 2 


1% 






560 














N 3 


1% 
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— — — ^^ 73 ^oiJer' 

pigr. 100. 

Basement Main One-Pipe Steam System (Fig. 100) 

TABLE XIX. 



Sq. ft. 


Branch 
from Rad. 


Riser 


Branch 
from Main 


Main 


fK) 


• 1% 


A 1% 


• 




8() 


m 


B 1% 


02 




UO 








B2V4 


(iO 


1^ 


E 1% 






70 


1% 


F 2 






70 


1V4 


G 1% 


H2 




340 








I 3 


80 


1% 


J 1% 






70 


1% 


K 2 






100 


2 


L 2 


M2% 




TjOO 








N 3 



Return line to boiler same as dry return for two-pipe 
system, in this case 2-inch. 

108. Pitch of Mains: — The pitch of the mains should be 
not less than 1 inch in 10 feet for hot water systems and 1 inch, in 
30 feet for steam systems. Greater pitches than these are desir- 
able but are not always practicable. In hot water plants tlie 
one-pipe main has its highest elevation above the boiler and 
drops to the far end of the line, with the lowest point where 
it enters the boiler, the two-pipe basement main and return 
each pitch upward from the boiler to the end of the run and 
the attic main has its highest point at the top of the attic 
riser. The two pipe systems, both basement and attic mains, 
should have the supply and return reversed, i. e., the return 
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should begin at the first radiator served by the supply. In 
steam plants the supply main pitches downward toward the 
far end of each run, the highest point being above the boiler. 
The return main pitches downward from the end of each run 
toward the boiler. 

109. liocatlon and Connection of Radiators: — In locating 
radiators, it is usual to place them along the outside or ex- 
posed walls and when allowable, under the windows. This 
is probably the best location although, some difference of 
opinion has been expressed on this point. When so placed 
the cold current of air from the window interferes with the 
warm upward current from the radiator and breaks it up. 
A series of tests reported in the Journal of the A. S. H. and 
V. E., July 1916, page 65, by a special committee of the 
society, shows that next to the center of the room the floor 
line near the outside wall is the most effective location. In 
buildings of several stories, the radiators should be ar- 
ranged as far as possible in tiers, one vertically above an- 
other, thus reducing the number of risers and offsets. In 
one-pipe and two-pipe steam systems any number of radi- 
ators may be connected to the same riser, providing the riser 
is proportioned to the radiation supplied. In the two-pipe 
systems a water seal between each radiator and the return 
riser is advisable. This insures each radiator to be an inde- 
pendent unit in its action. In two-pipe hot water systems 
•several radiators may have common flow and return risers 
as in steam systems providing the risers are carefully pro- 
portioned to the radiation. This is not always a safe plan. 
Under such an arrangement the upper radiators frequently 
have the advantage and rob the lower radiators. To be sure 
upon this point, either one of two methods may be employed: 
(1) offset tlve riser (See radiators C and D, Fig. 50); (2) 
isolate the returns (See radiators A and B, Pig. 49). 

The connections from the risers to the radiators should 
be slightly pitched for drainage. They may be run along 
the ceiling below the radiator or above the floor behind the 
radiator. Connections should be at least 2 feet long to give 
flexibility for the expansion and contraction of the riser. 
For sizes of radiator connections see Table 41, Appendix. 

110. General Application t — Pigs. 101-104 show an illus- 
trative layout of a hot water plant (See residence Art. 62). 
Because of the similarity between hot water and steam in- 
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stallations, the former only will be outlined. In making 
the layout of such a system, first locate the radiators in the 
rooms. This should be done with the advice of the owner 
who may have particular uses for certain spaces from which 
radiators must be excluded. Calculate the heat loss for each 
room, includingr exposure losses, ventilation losses, etc., and 
tabulate the results (See first column Table XX. Taken 
from Table XII). Calculate the square feet of radiation 
(Equation 51) and select the type, heig^ht and number of sec- 
tions of each radiator from Table XIII. Check the radiator 
lengrths and determine whether or not a radiator of such 
lengrth will fit into the chosen space. If this can not be done, 
a radiator of irreater heigrht or number of columns must be 
selected. Branches from main to riser and riser sizes are 
usually the same althougrh on a long branch it may be found 
necessary to put in a branch one size larger than the riser. 
Also, the branch from the riser to the radiator and the radi- 
ator connection sizes are usually the same excepting where 
there may be unusual conditions to meet, in which case the 
branch may be made one size larger than the standard con- 
nection. For commercial sizes see Tables 38 and 40, Appen- 
dix. Column in Table XVII marked "Radiators installed" 
should read "number of sections, height in inches and number 
of columns" (See Living Room = 18-38-3). 

Locate the risers on the second floor plan and transfer 
these locations to the first floor and basement plans. Treat 
the first floor risers in a similar manner. The basement 
plan will then show by small circles the location of all risers. 
This arrangement will aid greatly in the planning of the 
basement mains. The principal features in the layout of the 
basement mains should be simplicity and directness. If the 
riser positions show approximately an even distribution 
around the basement, it may be advisable to run the main 
as a complete circuit system. If the riser positions show 
aggregations at two or three localities, two or three mains 
running directly to these localities are the most desirable. 
As an illustration the basement plan shows three clusters 
of riser ends, one under the kitchen, another under the study, 
and a third along the west side of the house. This condition 
immediately suggests three supply mains. That toward the 
north supplies the bath, chamber 4 and the kitchen, a total 
of 161 square feet. Being approximately 13 ft. long, a 1%- 



HOT WATER AND STEAM HEATING 



187 



inch m£iin will carry the radiation. That toward the east 
supplies chamber 1, the hall and the study, a total of 22*5 
square feet, which can be carried by a 2-inch pipe. That 
toward the west side of the house supplies chamber 2, cham- 
ber 3, the living room and the dining room, a total of 277 
square feet, which should have a 2-inch main. 

In hot water work, as well as in steam, it is customary 
to connect supply branches (especially first floor branches) 
from the top of the mains, thus aiding the natural circula- 
tion. If this is not possible connect at 45 degrees. With a 
short nipple, a 45 degree elbow and a horizontal run of 2 to 
3 feet this arrangement has sufficient flexibility to avoid 
expansion troubles. First floor radiators and those farthest 
from the boiler should be given the advantage of top 
branch connections and larger proportional pipe sizes. 

In the selection of the boiler estimate the grate size from 
the total heat loss and check by the catalog rating in square 
feet of radiation. With soft coal at 13000 B. t. u. per pound, an 
efficiency of 60 per cent, and 5 pounds of coal per square 
foot of grate per hour there will be needed (110574 X 144) -i- 
.60 X 5 X 13000 = 408 sq. in. grate area. Adding 50 per 
cent. (Art. 100) for soft coal gives 612 sq. in. This agrees 
with Am. Rad. boiler W-19-6, 1250 sq. ft. rating. Checking 
radiation equivalent = 663 sq. ft. calculated radiator surface -f 
25% mains, risers, etc., = 829 sq. ft. total radiation + 50 per 
cent. = 1236 sq. ft. 

TABLE XX. 





Heat 

loss, H 

from 

Table 

XII 


Rad. 

Surface 
R = 
.006 F 


Radia- 
tors 
installed 


Length 
of Rad. 
installed 
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Fig. 102. 
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Fig. 103. 
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MAIN AND RISER LAYOUT. 
Fig. 104. 

111. IiunlatlBK SIfBin inppai — In all heating systems. 
Pipes carrying steam or water should be Insulated to reduce 
'tie heat losses unless these pipes are to serve as radiating 
surfaces. In most plants the heat lost through these unpro- 
lecled surfaces, if saved, would soon pay for first-class lii' 
aulatlon. The heat transmitted to ordinarily still air through 
dne square foot of the average horizontal wrought Iron pipe 
ia as great as 2. 66 B. t. u. per hour, per degree difference of 
> between the InBtde and the outside of the pin 
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Assuming this to be 2.5, with steam at 100 pounds g:ag:e and 
air at 80", the heat loss is (338 — 80) X 2.5 = 645 B. t. u. per 
hour. With steam at 50, 26 and 10 pounds gsige respectively 
this win be 545,467 and 397 B. t. u. If the pipes were located 
in an atmosphere having decided air currents this loss would 
be much greater. The average unprotected low pressure 
steam pipe will probably lose between 350 and 400 B. t. u. 
per square foot per hour. Assuming this to be 375 and ap- 
plying It to a 6-inch pipe 100 feet in length, for a period of 
240 days at 20 hours a day, we have a heat loss of 171 X 
375 X 240 X 20 = 307800000 B. t. u. With coal at 13000 B. t. 
u. per pound and a furn&,ce efficiency of 60 per cent- this will 
be equivalent to 39461 pounds of coal, Tvhich at $3.50 per ton 
will amount to $69.05. From tests that have been run on the 
best grades of pipe insulation, it is shown that 80 to 85 per 
cent, of this heat loss may be saved. Taking the lower value 
there would be a financial saving of $55.24 if covering were 
used. If a good grade of pipe covering installed on the pipe 
is worth $85.00 the saving in one and one-half year's time 
would nearly pay for the covering. 

To be effective, insulation should be cellular but should 
not permit air circulation. Small voids filled with still air 
are among the best insulators, consequently hair felt, min- 
eral wool, eiderdown and other loosely woven materials are 
very efficient. Some insulating materials disintegrate after 
a time and lose their form but many patented coverings have 
good insulating qualities as well as permanency. Most 
patented coverings are 1 inch in thickness and may or may 
not fit closely to the pipe. A good arrangement is to select 
a covering one size larger than the pipe and set this off from 
the pipe by spacer rings. The air space between the pipe and 
the patented covering renders the covering more efficient. 
Table 50, Appendix, gives the results of a series of experi- 
ments on pipe covering, obtained at Cornell University under 
the direction of Professor Carpenter. 

112. Water Hammer t — ^When steam is admitted to a 
pipe that is full of water, it is suddenly condensed causing 
a sharp cracking noise. The concussion produced may be- 
come so severe as to crack the fittings or open up the joints. 
The noise is due to the sudden rush of water from the sur- 
rounding space in an endeavor to fill the vacuum produced 
by the condensed steam. Steam at atmospheric pressure 
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occupies 1650 times the volume of the water that formed it, 
so when this steam is suddenly condensed a very higrh vac- 
uum is produced which caused a relatively higrh velocity in 
the water adjacent to it. Steam should always be admitted 
very slowly to a cold pipe or to one filled with water. 

Water hammer is frequently produced in water mains 
l>y suddenly stopping: the stream of flowing water. For a 
theoretical discussion of this subject see Church's Hydraulic 
Motors, pag^e J203. To find the approximate pressure p in 
l>ounds per square inch, produced by water hammer when 
r = velocity of the water in feet per second, use p = ft3 r. 
Also, to find the least time in seconds required in closing" a 
valve on a water main that water hammer may be avoided, 
divide twice the length of the pipe stream by 4670 (See ref- 
erence above). To illustrate. Water in a water main 500 
f^et long is flowing at the rate of 10 feet per second. If the 
^ater movement were suddenly stopped by closing the valve 
iit the end of the main the pressure produced at the valve 
Would be approximately 630 pounds per square inch. The 
lea.st time of closing the valve to avoid water hammer would 
be 1000 4- 4670 = .21 second. 

113. Retarntniir the 'Water of Condensation from a Lioiv 
P^esiiiirc Steam Heatingr System to the Bollert — In returning 
the water of condensation to a boiler four methods are in 
^se; gravity, steam traps, steam loops and steam or electric 
pumps. The gravity system is the simplest and is used in all 
•ases where the radiation is above the level of the boiler 
and where the boiler pressure is used in the mains. In a 
gravity return no special valves or fittings are necessary 
*'Ut a free path w^ith the least amount of friction in it is 
provided between the radiators and some point on the boiler 
*'elow the water line. No traps of any kind should be placed 
:n this return circuit. 

All radiation should be placed at least 18 inches above 
the water line of the boiler to insure that the water will not 
'•ack up in the return line and flood the lower radiators, 
flooding usually takes place through the return main and 
'« the result of a. restricted steam main. It may be due to 
i boiler which is too small and has to be forced thus caus- 
•f'K siphonage. Where the radiation is below the water line. 
'"' where the pressure in the mains is less than that in the 
boiler, some form of steam trap or motor pump must be put 
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In with special provision for returnlnK the watt 

Batlon to the boll«r. Two kin 

presBure and hlsh pressure. 

the bucket trap, Fig-. 105, am 

Pig. 106. The action of thee 

trap. — Water enters at 




Fig. lOE. Fig. 106. 



which la buoyed up agalnat the valve. Water nils In an<i 
overflows the bucket until the combined weight of the water 
and bucket overbalancea the buoyancy of the water. The 
bucket then drops and the steam pressure upon the InsWe. 
acting upon the surface of the water, forces It out through 
the valve and central stem to outlet it. When a certain 
amount of water has been ejected the bucket again riaea and 
closes the valve. This action la continuous. Bundy trap.—  
Water enters at D through the central stem ana collects in | 
bowl A which Is held In Its upper position by a balanced j 
weight. When the water collects In the bowl sufficiently to j 
lift the weight, the bowl dropa. valve E opens, and ateam Is | 
admitted to the bowl thus forcing the water out through Ihe , 
curved pipe and valve K. This action is continuous. I 

Bach trap la capable of lifting the water 2.4 feet above 
the trap for each pound ot differential pressure. Thus, for 
a pressure of 6 pounds gage within the boiler and 2 pounds 
gage on the return, the water may be lifted 7 feet above tlie 
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cted in this way Ib shown In Fig. 107. Here the 
nd trap are combined. Traps which receive the 
ondensatlon for the purpose ol teedlng the boiler 
return traps and sometimes worlt under a higher 
pressure of steam than the 
separating traps. Many dif- 
ferent kinds of traps are in 
general use but these will 
illustrate the principle of 



the radiators drains to re- 
ceiver .4, which Is In direct 
communication with riser «. . 
Drop leg U. being in com- 
munication with the boiler 
Vie. lOT. through a check valve which 

ward the boiler at the lowest point. Is fliled 
er to point X sufficiently high above the water 



'A- 



196 HEATING AND VENTILATION 

line of the boiler that the static head balances the differen- 
tial pressure between the steam in the boiler and that in tlie 
condenser. Horizontal pipe C serves as a condenser which 
produces a partial vacuum and lifts the water from the re- 
ceiver. This water is not raised as a solid body, but as slugs 
of water interspersed with quantities of steam and vapor. 
The water in A is at or near the boiling point and the re- 
duced pressure in li re-evaporates a portion of it which, in 
rising as a vapor, assists in carrying the rest of the water 
over the gooseneck. When the condensation in D rises above 
point X, the static pressure overbalances the differential 
steam pressure, and water is fed to the boiler through the 
check. 

To find the location of point X above the water line in 
the boiler, the following will illustrate. Let the pressure in 
the boiler, condenser and receiver be respectively 5, 2 and 4 
pounds gage; then the differential pressure between the 
boiler and condenser is 3 pounds per square inch. If the 
weight of one cubic foot of water at 212° is 59.76 pounds, the 
pressure is .42 pound per square inch for each foot in height, 
i. e., one pound dilTerential pressure will sustain 2.4 feet of 
water. With a pressure difference of 3 pounds this gives 
3 -^- .42 rr 7.2 feet from the water level in the boiler to point 
A', not taking into account the friction of the piping and 
check which would vary from 10 to 30 per cent. Assuming 
the friction to be 20 per cent, we have the static head = 
7.2 -;- .80 = 9 feet to produce motion of the water toward the 
boiler. 

The length of riser pipe B and its diameter depends upon the 
differential pressure between the condenser and the receiver, 
and upon the rapidity of condensation in the horizontal. A 
differential pressure of 2 pounds will suspend 2 X 2.4 = 4.8 
feet of solid water, but the specific gravity of the mixture in 
this pipe is much less than that of solid water. For the sake 
of argument let it be 20 per cent, of that of solid water, in 
which case we would have a possible lift, not including fric- 
tion, of 5 X 4.8 = 24 feet. This is 24 — 9 = 15 feet below 
the water level in the boiler. The diameter of the riser may 
vary for different plants, but for any given plant the range 
of diameters is very limited. These are found by experiment. 
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A drain cock should be placed in the receiver at the 
lowest point. When cold water has collected in the receiver 
it is necessary to drain this water to the sewer before the 
loop will work. An air valve shoulU be placed at the top of 
the gooseneck to draw off the air. If the horizontal pipe is 
filled with air, there w^ill be lio condensation and the loop 
will refuse to work. Never connect a steam loop to a boiler 
in connection with a pump or any other boiler feeder. To 
determine whether a loop is working place the hand on the 
horizontal pipe. If this is cold it is not working. 

The steam loop is used with success in factories and 
manufacturing plq,nts in returning steam separator drips to 
boilers. In a series of experiments conducted in 1910, the 
condensation from four 100 square foot radiators was lifted 
21 feet to a coil condenser and delivered by gravity to a 




Fig. 109. 



pressure tank located 5 feet above the receiver and main- 
tained at a pressure 1% pounds above the receiver pressure. 
Much experimentation will be necessary before the riser 
diameters and the condenser surfaces will be properly pro- 
i'wrtioned to be of general usefulness in heating systems. 

The last method mentioned for feeding condensation to 
the boiler was a steam or electric pump. The operation of the 
steam pump is fully discussed in Art. 186. An electric motor- 
Pump with its receiver and pipe connections is shown in Fig. 
^W. Its operation is very similar to that of the steam pump. 
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When the returning condensation fills the receiver to a cer- 
tain level a float regrulator starts the motor and pumps the 
tvater from the receiver to the boiler. When the water level 
drops the operation is reversed and the pump is automat- 
ically stopped. The motor pump is used on low pressure 
heating systems where the water of condensation from the 
coils and radiators drains below the boiler. If the boiler 
pressure were high the ordinary steam pump would be pre- 
ferred. Where the pressure within the boiler is near that in 
the return main the operation of such a piece of apparatus 
is less expensive than that of the steam pump. 

114. Hot Water Heatlngr for Tanks and Pools i — The de- 
termination of the amount of heat transmitted, the amount 
of water heated and the square feet Qf coil surface needed 
for heating water by the use of immersed steam coils, fol- 
lows closely the work given under hot water heating, Art 
101, Equations 49 and 50. From experiments conducted by the 
American Radiator Co., at the Institute of Thermal Research, 
the amount of heat transmitted in B. t. u. per hour, K \tt — 
{to, -f W) -^ 2], through iron and brass pipes from steam 
(up to 10 lbs. gage) to water, allowing an efficiency of 50 
per cent, for fouling of the pipes is: 
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av. temp, of water, 
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50 


70 


100 


150 


200 
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8000 


24000 
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80000 
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50000 



Knowing the amount of water to be heated through a 
given temperature difference, the coil surface and the steam 
condensed may be determined. 

Application. — Required to heat 3000 pounds of water per 
hour from 60* to 90" with steam at 5 lbs. gage pressure. 
How many pounds of steam will be condensed per hour and 
how many square feet of iron coil surface will be necessary. 

Result. — Steam temperature, 227°; average temperature 
of water, 75"; temperature difference, 152 degrees; heat given 
to water, 90000 B. t. u.; steam condensed, 92.2 lbs.; coil sur- 
face, 3 square feet. 
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115. l^nsTireatlons for Operatingr Hot Water Heatera and 
Steam Boilers i — Before firing: up in the morning examine the 
pressure gage to see if the system is full of water. If there 
is any doubt, inspect the water level in the expansion tank. 
If it is a steam system, examine the gagre glass and try the 
cocks to see if there is sufficient water in the boiler. 

See that all valves on the water lines are open. On the 
steam system try the safety valve to make sure that it is 
free. Also see if the pressure gage stands at zero. 

In starting a fire under a cold boiler it should not be 
forced but should warm up gradually. 

For suggestions on firing read Art. 77. 

In a boiler or heater using the same water continuously 
fthe best plan) there will be little need of cleaning the in- 
side of the boiler. Where fresh water is used frequently 
soft water should be used. Where hard water is used the 
boiler should be blown off and cleaned once or twice a month. 

Never blow off a boiler while hot or under heavy pres- 
sure. 

Inspect the pressure gage, glass gage, water cocks and 
tiiermometers frequently. 

In case of high steam pressure in a steam system, cover 
the fire with wet ashes or coal and close all the drafts. Do 
fiot open the safety valve. Do not feed water to the boiler. 
Do not draw the fire. Keep the conditions such as to avoid 
any sudden shock. After the steam pressure has dropped 
sufficiently examine the safety valve. 

Excessive pressure may be caused by the sticking of the 
safety valve in the steam system, or by the stoppage of the 
water line to the expansion tank in the hot water system. 
The safety valve should never be allowed to lime up, and the 
expansion tank should always be open to the heater and to 
the overflow. 

In case of low water in a steam system, cool the fire, 
lower the pressure to atmosphere and fill the boiler. 

When leaving the fire for the night shake down and 
bank as stated in Art. 77. 
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116. Return Iilne Systems. — ^Alr and Condensate Com- 
bined! — The term "vacuum heating:" may properly be ap- 
plied to that class of heating: systems having a continuous 
negrative pressure within the return main, the pressure 
within the radiators being controlled by the interposition 
of some form of thermal or float valve between the return 
main and the radiators. The vacuum may be produced by 
pumps or ejectors. In point of desig:n this is the extreme 
in its departure from the low pressure gravity system and 
has the following advantages over It: 

1. A positive and rapid return of the water of con- 
densation. 

2. In case of improper alignment of main and return 
pipes the negative effect of water and air pockets is re- 
duced to a minimum. 

3. Radiation at low levels may be drained by main- 
taining a vacuum in the return line proportional to the lift 
of the water of condensation. 

4. Smaller return pipes may be used than are used on 
the ordinary gravity systems. 

5. A continuous withdrawal of the entrained air from 
the radisCtors with the water of condensation. This insures 
a high efficiency of all the heating surface. This statement 
may not hold good for high radiators (36 to 48 inch) on the 
extreme end of a long heat run. On such radiators, air valves 
may be necessary. 

6. This system is especially adapted to the use of ex- 
haust steam with its extra large air and water content. 

7. Comparative freedom from pounding and water ham- 
mer. 

On the other hand there is an additional cost in main- 
taining the vacuum, and its use is restricted in small plant? 
because of the extra cost of installation and superintendence. 

Mechanical Vacuum systems of heating are frequently in- 
stalled in connection with lighting or power units in which 
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case the exhaust steam may be used to supplement the live 
steam for heating:. This substitution results in a great 
economy for the plant. A diagrammatic view showing 
the principal apparatus involved in such a plant is shown 
in Fig. 110. Live steam is connected to the power units and 
to the heating main, the latter through a pressure reducing 
valve to be used only when exhaust steam is insufficient. 
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Fig. 110. 



Kxhaust steam from the power units is connected to the 
heating main and to the feed water heater. This exhaust 
s^team line opens to the atmosphere through a back pres- 
sure valve which is set at the desired pressure for the sup- 
Ply steam. Oil separators remove the oil from the exhaust 
steam and deliver it to the oil traps. Boiler feed pumps 
and vacuum pumps, with the accompanying valves and 
governing appliances, complete the essentials of the power 
room equipment. 

The steam supply to the heating system is piped to 
radiators and coils in the ordinary way, with or without 
temperature control. Thermostatic valves, or equivalent, 
are placed at the return end of each radiator and coil, and 
the returns from these are brought together in a common 
return which leads to the vacuum pump or ejector. The size 
of the return pipe and specialty valve for any one unit is 
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UBually H-lnch, Increasing In slie as more radiating unit^ 
are taken on. Horliontal steam mains usually terminate In 
a drop leg which Is tapped to the return S to IE Inches above 
the bottom ot the leg. Each rise In the system has a drop 
leK at the lower end ot the rise. These points and all others 
where condensation and dirt may collect are drained through 
special separator valves to the return. Steam Is carried In 
the main sUshtly above atmospheric pressure and Just 
enous'h vacuum Is maintained on the return to Insure posi- 
tive and noiseless circulation. In many cases where special 
lltts are reaulred. these return systems are run under pres- 
sures 6 to 10 Inches of mercury below atmospheric pressure. 
Under such condltlona water may be lifted from 6 to 10 feet. 
Either closed or open feed water heaters may he used. 

When water of condensation at 212° or above la re- 
leased from the radiator through the vacuum valve to the 
returns jvlth pressure below atmosphere, the result Is a very 



Fig. 1 

quick withdrawal ar 
into steam or vapor 
of condensation wer 
would be temporarily broken, but belne divided into a large 
number of small units having no regularity in the time of 
action, there is little difTlculty. Although the vacuum la 
supposed to extend only from the pump to the vacuum valve. 
It may extend to within the radiator if the vacuum valve is 
t discharge. Such an arrangement cannot 



MECHANICAL. VACUUM HEATING 203 

be justified from the standpoint of economy, since the latent 
heat of all the leakage steam is lost from the heatinir system 
and thrown away. Just before entering the vacuum pump, 
the steam and water vapor mixed with the return water 
may be condensed by a spray of cold water. This spray 
assists in increasing the vacuum. From the vacuum pump 
the returns go to a feed water heater (open or closed) and 
from this by a boiler feed pump back to the boiler. The 
Webster system^ shown in detail in Fig. Ill, is a typical repre- 
sentative of this class. In all essential features this figure 
may stand for a number of others, among them the Dunhaip, 
the Bishop and Babcock, the Illinois and the Automatic. For 
comparative sizes of gravity and mechanical vacuum return 
pipes see Table 43, Appendix. 

117. Air Line Systems. — ^Alr and Condensate Separate! — 

Representing this type of heating is the so-called Paul 
system. It is usually installed as a one-pipe system, fed 
from overhead supply and drained to a wet return, although 
it may be connected up as a two-pipe system or fed from 
a basement supply. The air pump handles the water of con- 
densation but is not installed as a vacuum producing agent. 
The vacuum in the air line connecting with the air valves 
at the radiators, is produced by a steam, air or hydraulic 
ejector which discharges directly into the atmosphere, into 
the atmospheric end of the exhaust heating main or into a 
secondary radiator where a separation is made, the water 
dropping to a receiver to be further used and the air ex- 
hausting to the atmosphere. This system differs from the 
ones mentioned in two essential points; first, the vacuum 
effect is applied at the air valve and the flow of water of 
condensation is independent of the vacuum; second, the 
vacuum effect is produced by the aspirator principle using 
water, steam or compressed air as motive power. The 
vacuum is supposed to extend only to the air valve at the 
radiator, but if desired this valve may be adjusted so that 
the vacuum may have an effect within the radiator. The 
layout of the system for large plants is about that shown 
in Pig. 112. This system is especially adapted to small 
plants having one-pipe complete circuit mains, because of 
its effectiveness in removing air from one-pipe radiators. 
When thus used the pump is omitted and the condensate 
flows direct to the boiler by the one-pipe gravity method. 
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rurrent fa available exhauatlns may be done by tbe use ol 

IIS. Vaonnn Pnmpni — The aBtlsfHCtory operation of 
vacuum heating systems depends upon the efTective removal 
of air and water from the system. Reciprocating pvmps 
(modified types of the direct acting: piston pump) are gen- 
erally used in producing the vacuum. Fig. 114 la a sec- 
tional view of the valve governing the action of the Amerl- 




bv a lever connected to the crosahead on the piston rod, and 
ran be regulated by two adjusting screws. When the piston 
reaches the end of Its stroke, steam Is admitted by auxiliary 
valve through the small port X outside of the rear head of 
ihe main valve, forcing it forward to the position shown 
in the figure. When In this position steam travels through 
Ihe Bteam port E and moves the piston to the opposite end 
I'f its cilroke. Ihe pump exhausting through the passage F 
its shown by arrows. Rxhaust from the opposite end of the 
valve escapes through port A" and valve /' to (he main ex- 
liauat pipe. To hold the main valve In position after the 
auxiliary has placed it, live steam Is admitted through bal- 
ancins port O maintaining high pressure against the outside 
'if the head, which more than balances the pressure on the 
inside of this same head owing to the difference of the area 
»a either side. Port Y at each end of the valve prevents the 
valve from centering. In any position of the valve one of 
ihese porta Is open to steam pressure and conducts steam 
lo the outside of the valve head causing the valve to move 
into operating position. When the piston reaches the for- 
ward end ot its stroke the operation is repeated at the for- 
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ward end of the valve. A few of the sizes and capacities of 
these pumps for the averagre mechanical vacuum heating 
system are ^iven in Table XXI. 

TABLE XXI. 
Capacities of Marsh Vacuum Pumps. 







Steam pressure 5 to 10 lbs. 


Steam pressure 


50 lbs. and above 


Not over 2 lbs. back pressure. 
For discharging- into open receiver 


Size, inches 1 


Sq. ft. direct rad. 


Size, inches 


Sq. ft. direct rad. 


4x3x6 


1200 


7x3x8 


1260 


4x4x6 


2200 


8x3^8 


1800 


4x5x6 


3400 


10x4x12 


4000 


4x5x8 


4500 


12x5x12 


6600 


5x6x10 


80OO 


14x6x12 


8600 


5x7%xl0 


12000 


iex7%xl2 


12000 


6x8x12 


18000 


16x8x12 


15000 


8x10x12 


30000 


18x9x12 


30000 



Two systems of regulation are in common use in connection 
with piston vacuum pumps. In Fig:. 115 the pressure in the 
return operates through the governor to regulate the supply 
of steam to the pump, thus controlling its speed. In Fig. 
116 the pressure in the return controls the flow of injection 
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water into the suction strainer and hence the rapidity of 
vapor condensation in the return. Either system provides 
automatic control for the vacuum. Injection water for the 
production of vacuum is not a necessity in vacuum returns. 
Systems are operating satisfactorily without it. 

Occasionally it is desirable to have the returns for certain 
parts of heating Systems under different vacuum. As an illus- 
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(rfsaure and the returna from a. set of h 
tisement condensate at four pounds below atmosphere. This 
niy be accomplished by placing a pressure reg^ulatlng valve 
in the branch requiring the least negative pressure (the 
hlg-her line), as shown by Type D connection In the Web- 




ir system, Fig:. 117. The differential pressure b 
stmospherlc and vacuum lines may be varied t 
fondtlion by the controller valve. A trap and a 
valve are applied to each line having a differer 
From that In the main suction line. 
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Cefitrifugal pumpa are being: increasingrly used on vacuum 
returns where a moderate vacuum only is to be maintained. 
The Nash Hydroturbine (Pig. 119) represents this class. 
The pump consists of independent water and air units 
mounted on the same shaft. The water end is the usual 
centrifugal pump. The air and vapor pump (transverse sec- 
tion) shows a water wheel rotatingr in an elliptical casing 
partly filled with water. The wat«r as it follows the wheel 
also follows the contour of the casing, this alternately mov- 
ing from and toward the shaft and thus drawing in and 
exhausting continuously and without pulsation. In opera- 
tion the centrifugal pump handles water in coming up to 
speed and continues automatic operation when there is a 
water supply. The air pump however produces continuous 
vacuum, but only at the rated speed. Table XXII gives rec- 
ommended sizes and capacities of this pump. 

TABLE XXII. 
Capacities of Nash Vacuum Pumps. 
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9/64 
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11 


.9 
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1600O 


3/16 


11 
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1.4 


1800 


1% 
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D 


40O0O 


9/32 


25 


60 


2.8 


1200 
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E 


65QQ0 


3'8 


42 


90 


3.9 
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5 



110. Vacuum SpeeialtleiD: — Classified according to trade 
names these are: 

Return Water Lines — radiator traps, thermb-traps, vacu- 
traps, sylphon traps, radifiers and water seal motors. 

Air Lines — vent valves, thermostatic valves, automatic 
expansion valves and vacustats. 

Regardless of the trade names and the locations of the 
fittings on the systems, they may be classified under three 
heads: 

Type A. Thermostatic valves — those opening and clos- 
ing under the action of heat. Automatic and adjustable. 
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Type B. Float valves — those opening and closing under 
Ihe action of the floatation or the Impulse of the water of 
condensation. Automatic, 

Type C. OriClce — those having a constant opening and 
leakage. Non-adjustable, 

Thcrmoeiaiic oalvca — Type A. Fig, laO shows modiflcationB 

i^pe, one of the earttest forms used on the mechanical vac- 
uum systems is still used on many 1 




itic feature is the composition rubber stalk, which expands 
il contracts under change of temperature. The adjusting 
rew at the top permits the valve to be set tor any condl- 
ma of temperature and pressure within ihe radiator. The 
Iter of condensation passes through a screen and comes in 
ntact with the ^rubber stalk. The temperature of the 
Iter being less than that of steam the stalk c 
e water is drawn through the opening A by the a 
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the purop. As soon as tl 
flows around ttie etalk i 
Thle process Is conttnuoi 



Iter has beefi removed ataam 
txpands It. closing the port, 
d automatically removes the 




water from the radiator. The screen serves as a. dirt catcher 
for the Htngle unit. The other valves. e:[ceptln§: the Trane, 
have metal expanston chambers partially fllUd With linuids 
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that vaporize at temperatures between that of the steam and 
that of the returning condensation. In most cases the tem- 
perature approximates 200** P. The changre in the vapor 
pressure within the enclosed chamber causes an expansion 
or contraction of the sides of the chamber thus closingr or 
openingr the valve. The expansion members of these valves 
differ in form and position. The Dunham, Monash and lUi- 
nois have singrle expansion chambers, the sylphon is mul- 
tiple, or accordion form, and the Haines is a bent tube. 
The expansion member of the Trane valve is composed of 
two sheet metal coil spring's which in turn are made of two 
thin pieces of dissimilar metals brazed togrether. Since the 
coefficients of expansion of the two metals are unequal, any 
changre of heat coils or uncoils the springrs thus opening^ or 
closing the valve. Other differences in these valves are to 
be found in the construction and location of the expansion 
member and in the style and location of the valve seat. The 
expansion member of four of the valves is in direct connec- 
tion with the radiator steam. The rest are in connection 
with the return line. Two 'of the valves have flat seats, 
three have conical seats and two have line contact. Four 
seats are horizontal and three are vertical. Style A valves 
are automatic, positive, noiseless and adjustable. They may 
be used under either high or low differential pressures and 
may be used on either air or condensation lines. 

Float valves — Type B. — ^When the differential pressure be- 
tween the radiator and the return is very small and a fitting 
is desired that will serve merely as a separating trap to the 
radiator, a float valve or a valve actuated by the impulse 
of the water is frequently used. Fig. 121 gives flve of the 
standard forms. There are flve important features consid- 
ered in the design of these float valves, continuous air re- 
moval, intermittent water removal, freedom from steam 
leakage, convenience in cleaning and freedom from noise. 
This is a combination that is difficult to obtain. The first 
three are points of efficiency and are not easily determined 
In the operation of the average plant except under test. 
So far there are few comparative data from which to draw 
conclusions. The fourth affects the attendant who has 
charge of the repair and upkeep of the plant, and the fifth 
^8 of vital Interest to the occupant of the room. One of the 
objections frequently offered against the use of float valvep 
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is the occasional noisy valve. When the differential pres- 
sure between the radiator and the return is so small that it 
is alternately changrins positive and negative, there is liable 
to be a chattering: of the valve, which is very annoying*. 
This is not general but frequently obtains in one or more 
valves in a system. 

Orifice — Type C. — In some systems the return fitting takes 
the form of a standard orifice which is non-adjustable and 
provides constant leakage. The use of such fittings is 
questionable. 

Concerning the ecmiomy of vacuum heating over low pres- 
sure heating, many claims are made, some of which would be 
difficult to realize in practice. Estimates of saving range 
from 10 to 40 per cent. There are no^ doubt increased econ- 
omies but these can not be stated in percentages. The two 
features of such a system that give* decidedly increased effi- 
ciencies are the use of exhaust steam and thermostatic control of 
the steam admitted to the radia^tor, but each of these may be 
adapted to any system and consequently should not be cred- 
ited here as economic features.' On the other hand* improve- 
ment in operating conditions is so marked that a general 
statement of higher efficiencies is justifiable. The claim is 
sometimes made that a mechanical vacuum system using ex- 
haust steam as a heating medium may serve as a condenser 
to the engine and improve the efficiency of the engine to a 
marked degree. As a matter of fact this statement w^ill sel- 
dom be justified. The back pressure on the engine will not 
drop below atmosphere except when the vacuum return 
valves are given a constant leakage, in which case there 
may be greater loss in the plant from the latent heat of the 
wasted steam than gain derived from the increased mean 
effective pressure in the engine. The one large economy to 
be looked for in heating systems lies in the use of exhaust 
steam as the heating medium. When we consider the .fact 
that exhaust steam at atmospheric pressure contains 80 to 85 
per cent, of the total heat of the live steam entering the 
cylinder (Art. 164), that this is all wasted when exhausted 
to the atmosphere, that the condensing engine saves only a 
small part of it and finally that the heating system may 
save it all, there is sufficient reason to look forward to its 
increased use in combined power and heating plants. 
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•HECHANICAL l^ARM AIR HEATING AND VBNTILATION 

FAN-COIL SYSTEMS. 

DESCRIPTION OP SYSTEMS AND APPARATUS 

EMPLOYED. 

120. Elements of the Fan-Coll System i — In buildings 
having: many occupants such as factories, school houses, 
theaters and auditoriums, a positive air supply to the rooms 
is usually required. To meet this condition there has been 
developed a type of heating and ventilating system vari- 
ously knowfi as the fan-coil system, mechanical warm, air syste^n 
or plenum system. This system contemplates the use of three 
distinctly vital elements: steam or hot vi^ater coils over 
which the forced air may pass and be heated, a blower or 
fan to propel the air and a proper system of ducts or pas- 
sageways to distribute this heated air to the desired loca- 
tions. Pigs. 139 and 140 show these essentials in their rela- 
tive positions. Attachments and improved mechanisms such 
as air washers and humidifiers, automatic air and heat con- 
trol systems and brine cooling systems may be installed in 
connection with this type of heating but none of these aux- 
iliaries change in any way the necessity for the three funda- 
mentals named. 

121. Variations in tlie Deslgrn of Fan-Coll Systems t — 

With regard to the position of the fan, two methods of in- 
stallation are common. The first and most used is that 
shown in Fig. 122, where the fan is in the. basement of the 
building and forces the air by pressure upward through the 
ducts and into the rooms. This arrangement gives the air 
within the building a pressure slightly greater than that of 
the atmosphere, causing any leakage to be outward from the 
rooms. A cystem so installed is a plenum system. The fan 
may, however, be placed in the attic (Fig. 123) with ducts 
leading to it from the rooms, in which case the air is pulled 
toward the fan thus causing the pressure within the build- 
ing to be slightly less than that of the atmosphere. In the 
latter case the air is supposed to enter the basement inlet, 
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pass over the coil surfaces, and when heated pass by induc- 
tion to the various rooms through the ducts. Since the 
leakagre is inward, air from the outside readily enters at 
open windows and doors, breaking* the vacuum effect of the 
fan and by-passing the heater, thus impairing the efficiency 
of the heating system. For this reason where heating is a 
vital factor, exhaust systems ivithout the aid of plenum systems 
are seldom insta^lled. Combined plenum and exhaust systems 
are to be recommended wherever the expense can be justified. 





Fig. 122. 



Fig. 123. 



122. BlowerM and Fans: — Many methods of moving air 
for ventilating and heating purposes have been devised. 
Some of these are positive at all times, others are dependent 
upon the existence of constant atmospheric air conditions 
and hence are a constant source of trouble. It is now a very 
generally accepted fact, that if air is to be delivered at 
definite times, in definite quantities and in definite places, it 
must be forced there by mechanical means. The recognition 
of this fact has led to a very common use of the mechan- 
ical fan or blower and its' development to a fairly high 
efficiency. 
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ised ts ot the 

It Is usually 

< build ing, al- 



though in certain cases where the plenum fan la used to 
eihauBt service it may be installed fn the basement. Th 
Pl«num system usea a centrifugal fan of the paddle wheel 
th« multiple blade type (Fles, 126 and 127). The Hrst t 
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ililane blades, called "steel plate" (an. Is the old form of fan 

power plants and on the cheaper plenum heating: and ventl- 
lutlne plants. The second with curved blades, called "si- 
rocco," "multlvane" or "conoldal" fans by the respective 
companies, la a more recent <leve1o|>ment and Is especially 
adapted to plenum plants. Tests of the multiple blade fans 
show hlg;her edlclencles than are possible with the older 
forms. In the plenum systems tans are placed between the 
air Intake and the heater coils or lust following: the heater 
colls (See Art. 125). For theoretical discussion of tans and 
blowers see Trans. A. S. H, & V. E.. Vol, XXI. p. 43;, Kent's 
M. E. Pocket-Book: Marks' M. E. Handbook^ and Metal 
Worker, May 2, 1908, p. 44, serial. 



nected or belted. Which one of these drives will be the most 
appropriate In any case will depend entirely upon local con- 
ditions and the nature of the available power supply. The 
earn driven engine or turbine unit Is the most economical 
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since the exhaust steam from either may be used to supple- 
rnsnt the lire steam for heating (See Arts 16t and 172). 
The electric drive Is the most convenient and in places where 
tans are employed for cooling and where steam is carried 
at pressures too low to operate the engines, motor drives 
should be Installed. Electric motors are usually belted to 



Fan houaingR are made In many difTerent styles and of 
various materlala, such as brick, wood, sheet steel or com- 
binations of these. Steel housings are the most common and 
are made to fit any requirement. Full housings are those in 

above the floor line. TArfe-qanrlfr luiu«ini/t are those in which 
only the upper three-fourths of the fan wheel is encased, 
Ibe completion of the alr-aweep around the blades being ob- 
laijied by properly forming the brick foundation upon which 
'he [an Is Installed. Large fans are usually three-quarter 
housed, especially If they are to deliver air into underground 
ducts. Fig. 138 shows a three-quarter housing and Fig, 129 
a full housing. 




Fig. 138. 

The circular opening In tr 
Ihe inlet to the fan, the air 
force to the periphery and at 1 
motion, thus leaving the fan w 
aischarge opening. Fans may 
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air at any anele with the horliontal. They may have two or 
more dtsrhai-Ke openlngB (multiple discharge fans as shown 
In Fig. 129), and double side Inlets. 1. e.. air enterinB the fan 
from each side of the center. Where double side Inlels are 
used they are smaller than the single Bide Inlet for the same 
sized fan. All fan casementH should be well riveted and 
braced with angles and tee Irons. The shaft should be fitted 
with heavy pattern, adjustable seK-ollIng bearings, rigidly 
fastened to the casement and properly braced. The thick- 
ness of the steel used In the caHement varies according to 
the size of the fan, from No. 14 to No. 11 (or sizes In gen- 
eral use. The tan wheel should be well constructed upon a 
heavy spider to protect against distortion from sudden start- 
ing and stopping. Fans should be bolted to substantial 
foundations of brick or concrete. When connecting fans to 
metal ducts where sound from the fan may be transmitted 
to the rooms, the connection between the fan and the duct 
should he made through flexible rubber cloth. 

The terms "Riffltt Hniid" a«d ■■Left Hiind" reler to the position 
at the outlet retativeJy to a person facing the pulieji or driving aide 
of the /(in, i. e., stnudinti on the pulley or driving aide of the fan, if 
the discharge is to your Hiiht, it is a right hand fan; if (he discharge 



the left, it 



left hand fan. 

1S». Freiih Air Eiitnupe lo BalUtBg 
and to Hoomai — Fresh air may enter 
through the building wall near the 
ground level or It may be taken from an 
elevation through a stack built for the 
purpose. In connection with washing 
systems It may be drawn from the near- 






i loca 



Where 



rcised In select- 



: from 



i other 



purities. Where grills or shutters are 
placed in the opening, they are planned 
obstruct the flow of the air as little 
possible. Plain wire Bcreans, %- to 
nch mesh, should always be used to 
?p out leaves, birds and smalt animals, 
exposed places stationary slats or 
lis should be put In and pitched to 
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keep out the rain. The amount of slope is dependent t 
the width of the slat. In determining the net area of su 

not the vertical spacing (See Fig. 130). 



ectors located above the heads 
[ the occupants. Registers are 

on Is not provided for else- 
here In the system. Register 



Ing uniform circulation. Where 

deflectors are used, registers 

and register faoes are omitted. 

^^S.i^i- Pig, 131 shows the air Inlet to 

a room with deflector attachment. 

The construction of the dead end of the warm air stack 
Is Important. Hever finish to <i aqaiire end as In Fig. 132, a. 
Always have an easy curve as in b. This may be surfaced 



Fig, 1J2. 
smooth with neat cement mortar over the rough bricks, 

made to size and built in with the walls. These metal i 
are still more efficient when fitted with apUircrs as show 
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c. It is found "from tests that much more air is delivered 
through a given stack for the same power expenditure 
when these are used. In the average air inlet to a room the 
lower one-third of the opening is almost wholly ineffective. 

Where, splitters are used each part 
of the opening is equally effective. 
Vciit openings are placed at the 
floor line and should be fitted with 
registers to close at night to avoid 
heat loss. Behind such registers 
there is always an accumulation of 
dust and dirt which is very unsani- 
tary. When other means are pro- 
vided for closing the vents, such as 
dampiers within the stacks or at 
the top of the stacks in the attic, 
registers may be omitted and the 
vent openings curved and finished 
with cement flush with the floor 
line, as in Fig. 133. This permits 
the ducts to be more easily cleaned 
Fig. 133. than where registers or faces are 

used. Autwnatic air control fro^n the fan room on all vents that 
lead to the attic is advisable. In buildings having air supplied 
to two or more floors it is frequently necessary to condense 
the stacks into the smallest space possible. Fig, 134 shows a 
common arrangement. Notice that any vertical wall space 
may serve both as a heat stack for a lower room and a vent 
stack for an upper room. To accommodate large stacks the 
thickness of the wall is usually increased. All offsets must 
be made to fit the sizes of the standard, bricks used. 

Allowable velocities for net openings are higher than 
the corresponding velocities in furnace systems <See Table 
XXIV. Register sizes are given in Table 19, Appendix. 

124. Heatlngr Surfaces: — Heating surfaces used with 
plenum systems may be divided into two classes: pipe coil 
surface made of loops of 1- or l^i-ineh wrought iron or steel 
pipe and cast surface, made of hollow rectangular castings 
provided with numerous staggered projections to increase the 
outside surface and provide greater air and iron contact. To 
make a heater of either kind of surface, successive units are 
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imOi huve been obtained. The tota.1 number of square feet 
ot cast or pipe coil surface exposed to the air determines the 




mber of heat units given to the air iier hour. ' 
h of the heater and the spacing of the ooils oo 
I temperatnre ot the air leaving the heater. 
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Coll surface Is ot three kinds: that having the plpea 
tnaerted verttcally Into a horiionlal cast iron header which 
forms the base of the section (Fig. 13B); that having the 
pipes horizontal between two vertical Bide headers (Fig. 
ISO: and Chat having one header vertical and one horlsontal 
called the mUer coU (Fls. 
I3T>. Sections fitted with 
pipe colls may be had two. 
three or (our rows ot pipes 
In depth. The slondord num- 
ber of rows ot pipe* in ant one 
lecUan it four. Sometimes 
these pipes are spaced In 
straight lines parallel with 
the wind and sometimes 
they are staggered. Stag- 
gered spacing Increases somewhat the friction of the air 
current and the power ot the fan. Heat efficiency tests of 
both straight and staggered spaclngs show little difference. 
Coll sections represented by Figs. 136 and 13T have better 
drainage than those shown by Fig. 135. In the latter the 
condensation must tlow against the steam or be carried over 
with It to the return. All condensation that collects in the 
supply side of the header must drain to the return side 
through one or more small holes in the division plate. This 

densatlon to be passed Is vary- 
ing, thus causing a clogging 
by extra condensation or a 
short circuiting of the steatn 
to the return. The miter sec- 
tion in addition to perfect 
drainage, has perfect expan- 
sion, permitting every pijie to 

change of length without 
the pipe threads. 
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units called sections, and these 
are joined top and bottom by 
nipples into largrer units called 
stacks, quite similar in all re- 
spects to a direct hot water 
radiator. Stacks are assembled 
one in front of another in the 
direction of the air current thus 
forming a heater. Fig. 138 shows 
a heater ten sections in width 
and two stacks in depth. Pro- 
vided the conditions demand it, 
the heater may be built two or 
even three stacks in height, 
thus doubling or tripling the 
gross wind area (See Art. 140). 
Cast iron heaters of the vento 
type are made in sizes shown 
by Table XXIII. It is unusual 
to assemble less than five or 
more than twenty-five sections 
to the stack. By the proper ad- 
justment of number of sections 
to the stack and of stacks to 
the heater, any requirement of 
plenum system may be met. 

Heaters are placed on either 
the suction or force side of the 
fan, usually the former in dry- 
ing or evaporating plants and the latter in heating plants. 
Because of their weight, ample and firm foundations must be 
provided, with metal surface on top of foundation to permit 
expansion movement. In most installations for heating pur- 
poses, where both tempered and heated air are supplied, the 
heater is raised above the floor 18 to 30 inches to permit an 
^ir passage and damper for tempered air. 

125. DIviMton and Location of Coil Surface: — It is com- 
mon practice to install heaters for plenum systems in two 
Pa-rts, known as tempering coils and heating coils. The total 
heating surface is first calculated and then divided into tem- 
pering and heating coils in desired proportions. The tem- 
pering coils are placed in the air passage just inside the in- 






Fig. 138. 
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TABLE XXIII. 
Vento Cast-iron Heaters — Steam or Water. 



Narrow 
Sections 


Sq. Ft. per 
Section 


Height 


Width 


40 inch 


7.50 


41rfr 


6% 


50 inch 


9.50 


50SI 


6% 


60 inch 


11.00 


60H 


6% 


Regrular 








Sections 


• 






30 inch 


8.00 


30 


9% 


40 inch 


10.75 


n^ 


9% 


50 inch 


13.50 


50§8 


9% 


60 inch 


16.00 


60U 


9% 


72 inch 


19.00 


72 


9% 



take of the building and usually contain from one-fourth to 
one-third of the total heating surface. In this way ex- 
tremely cold air is tempered before it reaches the fan thu? 
insuring good lubrication and preventing an accumulation 
of frost on the fan blades, which would seriously interfere 
with the free movement of the air. The heating coils are 
placed just beyond the fan on the force side (See Figs. 130 
and 140). 

Combined plenum and gravity -indirect systems (Fig. 141) have 
been installed in which the heating coils (tempering coils 
placed as before) have been divided and used in sections at 
the base of the stacks leading to the various rooms. Such 
an arrangement does not impair the plenum system and has 
an advantage in being able to by-pass the air through the 
plenum chamber and use the sectional heaters as an indirect- 
gravity system during the night and at other times when the 
fans are not running. With the coils divided as stated and 
the same amount of surface put in the indirect-gravity coils 
as would be required in the plenum heating coils, the gravity' 
system will temper the room air but will not keep the rooms 
at the same temperature as when operating with the fan, 
because of the reduced volume of the air moving and the 
corresponding drop in efficiency of the heating surface. This 
difficulty may be overcome by installing more indirect- 
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Fig. 141. Pan Room Layout with Heating^ Coils Divided 
into Individual Room Heaters. 
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gravity heating surface. In many plants (school buildings 
and the like) a moderate temperature (50** to 60*) through- 
out the night is all that is necessary and such an arrange- 
ment of coil surface is satisfactory (See Trans. A. S. H. & 
V. E., Vol. XIV, p. 96; Vol. XVII, p. 270; Vol. XVIII, p. 370). 
In large installations where ventilation is of prime im- 
portance the ideal arrangement is the split system, i. e., ple- 
num heating coils sufTicient to heat the ventilating air from 
the outside temperature to say 80**, and direct radiation 
within the rooms sufficient to keep the room air at 60* dur- 
ing the night and at times when ventilation is not needed. 
This system is especially adapted to schools (Figs. 154 to 
156) where for sixteen hours out of the twenty-four heating 
only is required. During the eight hours when air circula- 
tion is needed the amount of ventilating air- may be regu- 
lated as desired, independent of the heating. In the split 
system automatic temperature control should be installed as 
a connecting link between the ventilating and heating sys- 
tems. The temperature of the rooms on the coldest nights 
will be, say 60*. The radiators will be in service until with 
the aid of the plenum system (started at 8 to 8:30 A. M.) 
the room air is raised to 70* when the direct -radiation is 
automatically thrown out of service. The radiators continue 
automatic action in connection with the plenum system hold- 
ing the room temperatures within two degrees of fluctuation 
(generally 69* to 71*). When the plenum system shuts 
down all radiators throw on and night conditions prevail. 

126. Single Duct Plenum Systen|t — ^The duct systems 
that carry the air may be either of the single duct or double 
duct type. In both types of plants the fan delivers the air 
to a small rooni known as the plenum chamber. This chamber 
is divided into two parts, the upper one (hot air chamber) 
receives the air after leaving the heating coils; the lower 
one the air that has been warmed by the tempering coils. 
In the single duct system (Fig. 139) a single metal duct is 
carried from the base of each vertical heat stack to this 
plenum chamber and connected to both hot and tempered 
air through a mixing damper controlled by thermostat from 
the room supplied. Most ducts are carried along the base- 
ment ceiling and when the ceiling height is sufficient there 
is a false ceiling installed below the ducts for artistic 
effect. This system requires a complicated network of dam- 
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Fig. 142. 

pers and ducts at the plenum chamber which to a certain 
•degree limits its use. Fig. 142 shows a single duct installa- 
tion applied to factories of several stories. 

127. Double Duet Plenum System: — As the name indi- 
cates, this system (Fig-. 140) runs all ducts in pairs (one 
above the other) fi:om the plenum chamber to the base of 
each vertical room stack. The upper duct carries warm air 
from the heating coils while the lower duct carries tem- 
pered air. The mixing dampers are consequently located 
at the base of the vertical room stacks. The dampers may 
be hand controlled by chain pulls from the rooms above or 
automatically controlled by thermostats. With this arrange- 
'^ent it is evident that the principal ducts become trunk lines 
*^d are composed in a minimum of space. 

Double duct systems are frequently installed as suh- 
^^^ement systems, as compared with the single duct systems 
^blch have usually metal ducts along the ceiling. Such ducts 
^^e below the basement floor and are constructed of brick 
^nd cement, or of concrete, about 4 inches thick. For de- 
•^''ens of conduits, ducts*and dampers see Figs. 139, 140, 151 
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and 154. Flgr. 113 shows a complete steel housed plenum 
unit otfan, colls, dampera and duct connections. For shapes 
and sliea ot (ana see manufacturers catalogs. 

128. Air WnBhliiK nnt HnmldHrlBK 8r«t«mai~In con- 
nection with mechanical warm air heating and ventilating; 
syBtemB, there la often installed apparatus for washing and 
humidifying the air. In crowded city districts where the air 
is laden with dust, soot, the products ot combustion and 
other harmful gases, its purlflcBtlon and moistening becomes 
a most important problem. The plenum system of heating 
and ventilallng lends Itself most readily to the solution of 
this problem, with the result that modern practice Is tend- 
ing more each day toward the combined installation ot heat- 
ing, ventilating and humidifying apparatus. 
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A purifier oomprleea two parts, a timiher and an eliminalor 
(See Fig. 144), The washer ts located in the main atr duct 
Immediately behind the tempering^ coils, and provided with 
slieets or sprays of water through which the air must pass. 
Having- caught the dust particles and dlBSOlved some of the 
soluble gases from the air, the water (alls to a coUeclinK 
pan at the bottom of the spraj- chamber, and from there la 
again pumped through the spraying nozzles. As the water 
becomes too dirty or too warm, a fresh supply Is delivered 
la the collecting pan. A small Independent centrifugal 
liump is used for circulating the spray water. 



fr/jff'jjfn 







Fig. 146. 
washer, the air next encoun- 
e of which is to remove the 
and water particles remaining sus- 
Is 1.1 accomplished by baffle plates 
ge the direction of the air many 
cause the water particles and aolida 
Impinge upon the baffle plates and tall to the drip tank. 
*s the air leaves the eliminator and enters the fan it may, 
tlth good apparatus, be relieved of 98 per cent, of all dust 
infl dirt, may be supplied with moisture to very near the 
aturation point, and in summer time under favorable con- 
lltions, may be cooled from 6 to 15 degrees lower than the 
iiitBlde atmosphere. This is due to the cooling efleot of 
■aporlzlng part of the water, 

A purifier designed upon different lines than that in the 
asl flgure is shown in Fig. 146. In this the air makes a 
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le curve and passes through four lines of spray 

Fig. 14T represents the Zellweger combination fan and 
purifler which has proved very satlafactory In offices and small 
schools. This IB similar to (he ordinary blower fan except- 
ing- that the wheel Is a combined Alter ring and eliminator. 
Water may be circulated entirely or In part by the tan- 



ge 


ritlal 


force 


of th 


y. 


ate 




a it 


eaves the 


wheel. Al 


enters 


th 


wheel th 


ough 


th 




de 


opening and 


n passing 


hrough 


th 


wheel rl 


n, wh 


ch 


Is 


CO 




ed of se 


eral layers 


of tine 


meshed 


wire 


cloth 


in 


id 


t 


e cu 


rved van 


es of the wheel, it 


CO 


nea 


n CO 


tact 


wi 


h 


th 


sp 


ay wate 


from fou 


spray 


heads. 


The 


outer 


ed 


sen 


o 


the 


blades a 


re turned 


o form 


sm 


all g 


utter 


whi 


h 


ca 


ch 


the 


water and direct It 


to the 




ge e 


nd of 


the 


»h 


el 


iv. 


heel 


conical 


on surface) 


to the 


sk 


mme 


rand 


eoUec 




rl 


e 


for r 


eclroulat 


on or (or dralnaRe. 


Fu 


1 or 


thre 


-qua 


ler 




9UJ 


Ing, 


single o 


douTile In 


let and 



PLENUM WARM AIR HEATING 233 

i 

I An air washer well installed and maintained may be 

expected, to remove 98 per cent, of all dust, dirt, soot, etc.; 
to lo"wer the temperature of the air 85 per cent, of the initial 
Awet bulb depression; to raise the temperature of the enter- 
ing: air from. 35" to any temperature up to 60° and to add 
tlie necessary moisture to obtain any relative humidity up to 
75 per cent, when the rooms are 70°; and to control the rela- 
tive humidity within 5 per cent, variation when the wet bulb 
tewiperature of the air entering the purifier is below the de- 
sired dew^ point, all with a frictional resistance in the puri- 
fier not to exceed .2 inch water gSige. 

Special air cooling plants are installed in connection 
with the plenum system of ventilation, whereby refrigerated 
brine is circulated in the regular heating coils. (See Trans. 
A. S. H. & V. E., Vol. XV, p. 252). 



CHAPTER XI. 



MSCHANICAL. liVARBf AIR HESATIJVG AND VE3NTILATI0N. 

FAN-COIIi SYSTSMS. 



AIR, HEATING SURFACE AND STEAM REQUIREMENT. 

PRINCIPLES OP DESIGN. 

129. Definition of Terms: — Some of the technical abbre- 
viations that are frequently used are the following: H = 
B. t. u. heat loss per hour by heat loss formula, Hv = B. t. u. 
heat loss per hour by ventilation, H' = total B. t. u. loss = 
H + Hv, Q = cubic feet of air used per hour as a heat car- 
rier (calculated from H), Q' = 1800 N = cubic feet of air 
used in obtaining duct sizes, etc., when air for ventilation is 
in excess of air for heating, R = total square feet of heating 
surface in indirect heaters, ta = temperature of the steam 
or water in the heaters, t = highest temperature of the air 
at the register (assumed the same as the temperature of the 
air upon leaving the heater), t' = temperature of the air in 
the room, tv = temperature of the air at the register when 
Q' is. used and * is reduced to keep, the room from being 
overheated, to = temperature of the outside air, K = rate 
of transmission of heat through the coils, N = the number 
of persons to be provided with ventilation, V = velocity in 
feet per minute and v = velocity in feet per second. Other 
abbreviations are explained in the text. 

130. Theoretical Considerations! — For illustrative pur- 
poses, references will be made throughout this discussion to 
a sample plenum design. Figs. 151, 152 and 153. These show 
the essential points of most plenum work and will serve as a 
basis for the applications. In any plenum design the fol- 
lowing points should be theoretically considered for each 
room: heat loss, cubic feet of air per hour needed as a heat 
carrier (this should be checked for ventilation and the 
greater value, used), net area of the register in square 
inches, catalog size of the register and area and size of the 
ducts. In addition to these the following should be investi- 
gated for the entire plant: size of the main leader at the 
plenum chamber, size of the principal leader branches, square 
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feet of heating' surface in the coils, lineal feet of coils. 
arrangement of the coils in stacks and heaters, horse-power 
capacity and revolutions per minute of the fan including' 
sizes of the inlet and the outlet of the fan, horse-power of 
the engine including the diameter and the length of stroke, 
and pounds of steam condensed per hour in the coils. 

Fresh air is taken into the building at the assumed low- 
est temperature W, is carried over heated coils and raised 
to V (in certain cases to fp"). Is propelled by fans through 
ducts to the rooms and then exhausted through vent ducts 
to the outside air. It is the object of this section to so dis- 
cuss this cycle that the principles may be applied to gen- 
eral problems. 

131. Heat liOss audi Cubic Feet of Atr per Hourt — It is 

assumed in these calculations that the circulating air is all 
taken from the outside and thrown away after being used. 
Many installations have arrangements for returning part or 
all of the air to the coils and reheating it as an economic 
method of operation but this should not be taken into con- 
sideration in obtaining the -sizes of the heaters. It is best 
to design the plant with the understanding that all the air 
is to be thrown away. It will then be large enough for any 
service that it may be expected to handle. Having found H 
by some acceptable equation (See Art. 39), the total heat 
loss is 

(Q or Q'} (r — to) 

H' - H -\ (See also Arts. 42 and 50). (61) 

55 

Assuming *o = 0* as the lowest temperature at which fresh 
air will be admitted (any temperature lower than this would 
call for recirculated air) this equation reduces to H' = fl^ -f- 
1.27 (Q or Q'). To determine whether Q or Q' will be used 
And Q from H, Equation 33, and compare with Q', taking the 
larger value. If this is to be a system of plenum heating 
only, let t = 140% V = 70* and U = 0% then 

55 n H H 

N = = = approximately (62) 

1800 (« — V) 2290 2300 

and since t — r = t' — U, IV = 2 H, that is to say, the heat 
eiven off from the air in dropping from the register tem- 
perature 140* to the room temperature 70", goes to the radi- 
ation and leakage losses f{, while that given off between the 
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inside temperature 70" and the outside temperature 0", is 
chargred up to ventilation losses Hr. Since these values are 
equal, W = H + Hv =: 2 //. 

Application.— Refer ringr to Fig. 152, room 15, the calcu- 
lated heat loss for this room, with t' = 70' and U = 0*, is 
70224 B. t. u. per hour; also, if t = 140*, Q = 54775 cubic feet 
per hour. Applying Equation 61, the total heat loss is 
140448 B. t. u. per hour. With 54775 cubic'feet of air sent 
to the room per hour, this provides good ventilation for 
thirty persons. Suppose, however, that fifty persons are to 
be provided for; this requires 50 X 1800 = 90000 cubic feet 
of air per hour. With this increased number of people in 
the room, the total heat loss is 

90000 (70 — 0) 

H' = 70224 H = 184864 B. t. u. 

55 

Find H' when N = 50 and to = — 10«. 

132. Temperature of the Bnterins Air at the Re^tsteri — 

In plenum heating the registers are placed higher in the 
wall and the velocity of the air is greater than in furnace 
work. Suppose for this work the maximum temperature t = 
140* excepting where an extra amount of air is required for 
ventilation purposes, in which case the te,mperature must 
necessarily drop below 140" in order that the room will not 
be overheated, then 

55 F 

t = f -i (63) 

Q' 

Application 1. Referring to room 15 (compare with Art. 
52) assuming the heat loss to have been estimated with ven- 
tilating air supplied sufficient for 50 persons, 90000 cubic 
feet per hour, the temperature of the air at the register is 

55 H 

/ = 70 H = 113" 

90000 

Find t when .V = 40 and to rr 20". 

Application 2.« — Referring to room 12 and assuming 200 
persons in the rockn with 360000 cubic feet of air per hour 
the temperature of the entering air will be 89". 

These applications do not take into account the heat 
given off by the audience, which would permit the reduction 
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of the enteringr air somewhat helow the temperatures stated 
(See Art. 44). 

The regrister air temperature is usually taken the same 
or slightly less than the temperature of the air upon leav- 
ing the coils. If this room were to be the only one heated, 
the coils would be figured for a final temperature of the air 
at 113", but other rooms may have air entering at higher 
temperatures, consequently the temperature t upon leaving 
the coils should be that of the highest t at the registers. 

133. Cubic Feet of Air Needed per Honrt — The amount 
of air needed per hour as a heat carrier (compare with Art. 
50) is 



Q = 



55 // 



; where t _= 140 and t' = 70, Q 



H 



t — r 1.27 

If extra air is needed for ventilation, <?' = 1800 A". 

134. Air Velocities, V, in the Plenum System t — Table 
XXIV gives the velocities in feet per minute that have been 
found to give good satisfaction in connection with blower 
systems. 

TABLE XXIV. 
Air Velocities in Plenum Systems. 



Offleea, 
schools, etc. 



Auditoriums, 
churches, etc. 



8hop8 and 
factories 



Presih 

air 
Intake 



» 



i^ 



I > 



Over 
coils 



. OQ OQ 

.•^ o 






Main 

duct 

near 

fan 



1200 to 

lax) 

say 1500 



1500 to 

2000 
say 18Q0 



1500 to 

3000 
say 2000 



Smaller 

branch 

ducts 



8tM)to 

1200 

say 900 



1000 to 

1500 
say 1200 



1000 to 

2000 
say 1500 



Stacks 



500 to 

TOO 
say 600 



600 to 

800 
say 700 



600 to 

lOOO 

say 800 



Reg'rs 
or other 
open'gs 



300 to 

400 
say 300 



400 to 

600 
say 400 



400 to 

800 
say 500 



135. CrosM Sectional Area of Registers, Ducta. etc.t — 

With the above velocities in feet per minute, the square 
inches of net opening at any part of the circulating system 
may be obtained by direct substitution in the general equa- 
tion 

144 (Oor<?') 
A = (Q or 0') X -^^ = 2-^ y («*> 
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The calculated main duct sizes refer to the warm air 
duct. The cold air duct in a double duct system need not 
be so large because on warm days when only tempered air 
is needed, the steam may be turned off from one or more of 
the heaters, permitting, the warm air duct to furnish i^riiat 
otherwise would be required from the cold air duct. On 
account of this flexibility in the warm air system it seems 
necessary to make the cold air duct only one-half the cross 
sectional area of the warm air duct. For convenience of 
installation it would be well to make the former the sa.me 
width as the latter and one-half as deep, unless by so doing 
the cold air duct becomes too shallow. 

Application. — Assuming 2000000 cubic feet of air passing 
through the main heat duct at A, Pig. 151, per hour at the 
velocity of 1800 feet per minute, the duct is approximately 
20 square feet in cross-section, or 2% by 8 feet. The two 
main branches at B carry 800000 cubic feet per hour each at 
the same velocity and are 7.4 square feet in area, or 2 by 4 
feet. The same branches of C carry 400000 cubic feet per 
hour each at a velocity of 1500 feet per minute and are 4.4 
square feet in area, or 2 by 2% feet, and branch D carries 
300000 cubic feet at a velocity of 1200 feet per minute and is 
1% by 2% feet. 

The stack sizes are first calculated for a velocity of 600 
feet per minute and then made to fit the laying of the brick 
work such that the velocities are 600 feet per minute or less. 
The net register is calculated for an air velocity of 300 feet 
per minute and the gross registers are taken 1 to 1.5 times 
the net area (the smaller value is used with splitters and 
diffusers). 

136, Final Air Tern peratur ens — Since the amount of 
heat transmitted is directly proportional to the difference of 
temperature between the two sides of the metal, the first 
coils in a heater are the most efficient, this efficiency drop- 
ping off rapidly as the air becomes heated in passing over 
the coils. Final temperatures for different numbers of coil 
sections in banks have been found by experiment and may 
be taken from Table XXV (See also Table XXIX). 
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TABLE XXV. 
Temperatures of Air upon Leaving Coils, Steam 227*, 

Air entering at 0". 





No. of 
rows 


Velocities of air tlirougli coils in F 


P.M. 


Sections 


800 


1000 


1200 


1500 


J 


4 


42 


33 


28 


23 


2 


8 


71 


62 


56 


52 


3 


12 


96 


87 


80 


75 


4 


16 


119 


108 


101 


93 


5 


20 


136 


125 


116 


108 


G 


24 


153 


140 


131 


120 


7 


28 


160 


155 


143 


131 


8 


32 


183 


166 


154 


141 



These temperatures may be increased about 10 per cent, 
for 20 pounds grag-e pressure. 

Table XXVI shows similar results quoted for the Vento 
cast iron heaters. 

TABLE XXVI. 

Temperature of Air upon Leaving Vento Coils. Steam 227". 

Regular and Narrow Sections, 5 Inch Centers. 



No. of 
.stacks 

in 
dcptti 



1 
2 

3 
4 
o 
6 

7 



Velocities of air through coils in F. P. M. 



Ent. Temp. 



Reg. 
Nar. 
Reg. 
Nar. 
Reg. 
Nar. 
Reg. 
Nar. 
Reg. 
Nar. 
Reg. 
Nar. 
Reg. 
Nar. 



0" 



38 

68 

51 

93 

70 

113 

88 

129 

103 

143 

115 

154 

127 



800 






1000 






1200 






1400 




-10° 


-20° 


0° 
35 


-10° 


-20° 


0° 
3i> 


-10^ 


-20° 


0° 


-10" 


-20" 


62 


55 


62 


.56 


49 


58 


51 


44 


54 


47 


40 


43 


36 


46 


38 


31 


43 


:^ 




40 


32 




87 


82 


86 


80 


75 


81 


75 


69 


76 


70 


64 


64 


58 


65 


58 


52 


61 


.54 


47 


57 


50 


43 


108 


la^ 


106 


101 


96 


100 


95 


90 


95 


89 


R4 


83 


77 


82 


76 


70 


77 


70 


64 


72 


65 


59 


126 


122 


122 


118 


114 


115 


in 


107 


lOO 


105 


100 


98 


96 


96 


01 


86 


90 


84 


79 


S> 


79 


74 


140 


137 


135 


132 


129 


129 


125 


121 


123 


119 


115 


111 


107 


106 


103 


99 


102 


97 


92 


97 


92 


87 


152 


150 


147 


144 


141 


140 


137 


134 


135 


131 


128 


124 


120 


120 


116 


112 


114 


109 


105 


108 


103 


99 
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137. Square Feet of Heatfms Surface, R, fat tke Collar- 
To determine the number of square feet of heating: surface 
in the coils of an indirect heater, the following equation may 
be used: 

R (65) 



('-^) 



Rule. — To find the square feet of coil surface in an indirect 
heater, divide the total heat loss from the building in B. t. u. per 
hour hy the rate of transmission tnultiplied by the difference (ettoeeti 
the inside and the average outside temperatures of the coils. 

Equation 65 presupposes a uniform rise in the tempera- 
ture of the air as it passes over the coils, i. e.. if the air is 
heated from 0* to 140* in passing over a heater 24 pipe rows 
deep, at the sixth row th.e temperature would be 35*, at the 
twelfth row 70*, and at the eigrhteenth row 105*. It is found 
that this is not the case but that the rise is more rapid in 
passing: over the first part of the heater, g:radually falling 
off to the end of the heater according: to the logarithmic 
curve. The mean temperature difference between the inside 
and the outside of the heater instead of coming from an 
arithmetical mean as given within the brackets. Equation 



(^) 



65, is 9m = (e« — Oh) -H logf I I and the total number 

of square feet of radiation in the the heater is 

//' 
jf = (66) 



lOg^ iea/Sb)/ 



where 6m = mean temperature difference, 9a = temperature 
difference at the entering end and Qb = temperature differ- 
ence at the leaving end. For full discussion of Equation 66 
see Elements of Heat Power Engineering, Hirshfeld and 
Barnard, Chapter XXXV. Equations 65 and 66 give approx- 
imately the same results, as shown by Equations 67 and 68. 
The first is more easily applied and is recommended for 
ordinary heater calculations. These equations are rational 
and the terms indicated are readily apparent excepting per- 
haps the value K. Various experimenters have done exten- 
sive work toward establishing this and a few of their re- 
sults will be briefly summarized. 
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Prof. Carpenter quo.tes extensively from experiments 
with coil heaters in blower systems and summarizes in the 

equation K = 2 + l.Z \/v where v is the average velocity of 
air over the coils in feet per second. With coil velocities in 
common use, 800 to 1400 feet per minute, this equation gives 
K from 7 to 8.5, which are very conservative and safe values. 
Mr. F. R. Still gives the following equation for the total 
B. t. u. transmitted per square foot per hour, between the 
temperature of the steam and that of the entering air, total 

5- 1. u. transmitted = c Vv' it» — to), (Table XXVIII), in which 
r is velocity in feet per second and c is a constant which 
varies with the number of sections as shown in Table XXVII. 

TABLE XXVII. 
Values of c. 



1 section 4 rows of pipe. 

2 sections 8 rows of pipe. 

3 sections 12 rows of pipe. 

4 sections 16 rows of pipe. 

5 sections 20 rows of pipe 

6 sections 24 rows of pipe. 
' sections 28 rows of pipe. 

8 sections 32 rows of pipe, 

9 sections 38 rows of pipe. 
10 sections 40 rows of pipe. 




Max. factor 



4. 
3, 



40 
40 



2.85 
2.4.5 
2.20 
2.05 
1.05 
1.S5 
1.80 
1.75 



From the above values of c, Table XXVIII has been com- 
piled, assuming t» = 227, to = and c = safe factor. 



TABLE XXVIII. 



Velocity 
of air 
In feet 

permin. 



duo 

lOOO 
1200 
1400 



Total transmission in B. t. u. per sq. ft. per hour. 

is = 227; to = 0. 



Rows of pipe deep 



2840 
3200 
3a00 
3783 



8 


12 


16 


20 


24 


28 


2470 


2164 


1920 


1750 


1606 


1450 


2790 


2440 


2170 


1900 


1810 


1670 


3040 


2670 


2360 


2150 


1980 


1825 


3290 


2884 


2565 


2325 


2138 


1974 



32 



1360 
1535 
1678 
1800 
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Since the values given in Table XXVIII are the total 

B. t. u. transmitted per square foot per hour for different 

* + to 
settingrs = oVv (t* — U) = ifl ta l, K ia found to vary 



/ * + to \ 

= Kit, I, K is 



between 10.5 and 15 with an average of approximately 12. 

Table XXIX by Mr. C. L. Hubbard shows efficiencies that 
are less than those Just considered. These agree more nearly 
with average practice. 

TABLE XXIX. 
Efficiencies of Forced Blast Pipe Heaters, and Temperatures 

of Air Delivered. 
Velocity of air over coils at 800 feet per minute. 



Rows 

of pipe 

deep 


Temp, to which the air 
will be raised from zero 


Efficiency of the heating: surface 
In B. t. u. per sq. ft. per hr. 


Steam pressure m heater 


Steam pressure in heater 


5 1b. 


20 lb. 60 lb. 


5 lb. 20 lb. 


60 lb. 


4 


30 


35 


45 


1600 


1800 


2000 


6 


50 


55 


05 


1600 


1800 


2000 


8 


65 


70 


85 


1500 


1650 


1850 


10 


80 


90 


105 


1500 


1650 


1%0 


12 


95 


105 


125 


1500 


1650 


1850 


14 


105 


120 


140 


1400 


1500 


1700 


1^ 


120 


130 


150 


1400 


15C0 


1700 


18 


130 


140 


160 


.1300 


1400 


1600 


20 


140 


150 


170 


1300 


1400 


1600 



For a velocity of 1000 feet per minute multiply the 
temperatures given in the table by 0.9 and the efficiencies 
by 1.1. 

Perhaps the most extensive work along this line has 
been done by Messrs. Willis H. Carrier and F. L. Busey. For 
details see Trans. A. S. H. & V. E., Heat Transmission with 
Indirect Radiation Vol. XVIII. p. 172. From these experi- 
ments K varied from 9 to 13 for velocities from 800 to 1400 
feet per minute. 

When estimating plenum heating surface it is well to 
remember that after a coil has been in service for a time It 



^ 
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becomes somewhat less efficient than while clean and new, 
also that even though the very best arrangements for air 
removal are provided, these often fail or work with lessened 
efficiency. In general, even though transmission tests show 
rates of transmission as high as 12 or 13 it is much safer to 
take a lower value for average conditions. Assuming for 
illustration K — 8.5 and T = 1000 as the best values to use; 
also it = 227 (5 pounds gage pressure), t — 140 and U = 0, 
Equations €5 and 66 become 

W W 
R - = (67) 



(140 + \ 1 
227 ^) 



335 



R = = (68) 

8.5 (227 — 87) 1240 



loge 227 / 87 

Note. — At the assumed rate of transmission, 8.5, each 
square foot of heating surface is equal to 5 square feet of 
direct radiation. This is due to the increased velocity of air 
over the radiating surface. 

Cast iron heaters are being increasingly used for low pres- 
sure indirect heating, replacing pipe coil heaters. The effi- 
ciency of these heaters is, according to tests, about the same 
as that of the pipe coil heaters and hence Equations 65 and 
66 will apply to both pipe and cast heaters. For more com- 
plete data on efficiencies and final temperatures than given 
in Table XXVI see American Radiator Co.'s Engineers' Data, 
Vento Heaters. 

Application 1. Where heating only is considered. — Referring 
to Table XXXV, let H for the entire building (to = 0°) = 
1483251 and * = 140. Then from Art. 133, Q = 1156935; by 
Equation 61, H' = 2966502; and Equation 67, the coil sur- 
face is 

2966502 
R — = 2222 sq. ft. 



(140 + \ 
m —) 



With three lineal feet of 1-inch pipe per square foot of sur- 
face we have 6666 lineal feet of coils in the heater. 

Application 2. Where heating and ventilation are combined. — 
Assume 1100 people in the building on a zero day and Q' 
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2000000. Then H' = 1483251 + 1.27 X 2000000 = 4023251. 
with equal distribution of air. t = 111, and 

4023251 
R = = 2758 sq. ft. = 8274 lin. ft. coils. 

Ill -H 
8.5 " 



(111 -H V 
227 —) 



Application 3. Where heating and ventilation are separate. 
Split system. — With the same number of people in the building 
as griven in Application 2, the heat loss H may be supplied by 
direct radiation and Hv by fan coils. In this case 

2540000 
Rr = = 1597 sq. ft. = 4791 lin. ft. coils. 



/ 80 + \ 
S5(227 —) 



Pinal temperature 80" (F = 1200) gives three sections of 
regular vento (12 rows of coils) at 0* outside (See Table 
XXVI). This gives opportunity of reducing the direct radi- 
ation to give t = 60* (See also Art. 140). In applying Equa- 
tion 65, t is usually considered 140*. Conditions may exist, 
however, when this should change, t'or illustration, suppose 
that in a certain building most of the rooms are to be venti- 
lated and that these rooms will have large amount of air 
delivered at low temperatures (Application 2). In such a 
case it may be economy to raise the air for all rooms to the 
lower temperature and supply more air to those rooms that 
would otherwise be heated with air at 140*, than to put in a 
heater large enough to heat all the air to 140* and then 
dilute with large amount of cold air to lower the tempera- 
ture. Again, suppose that a school building contains, in 
addition to the regular class rooms, laboratories, etc., and 
auditorium and gymnasium, the two together requiring an 
amount of air sufficient to justify a separate fan system (a 
condition which frequently exists). It would be economy 
to separate the heating system for these rooms from the 
rest of the building because of the comparatively short time 
the rooms are in use. When not in use either fan unit may 
be shut down without interfering with the other unit, thus 
approaching a higher operating efficiency. 

138. Approximate Rnleei for Plennni Heating: Surfaces < — 

The following approximate rules are sometimes used in 
checking up heating surface in the coils. These should be 
used with caution. 
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Rule 1. ''Allow one lineal foot of linch pipe for each- 65 to 
1S5 cubic feet of room space, 65 for office huildinga, schools, etc., and 
J IJ for shops and laboratories." Since this buildingr (Fij?. 151) 
has approximately 500000 cubic feet of room space, it gives 
noo lineal feet of 1-inch pipe in the heater. 

Rule 2. — ''Allow 200 lineal feet of 1-inch pipe for each 1000 
™6ic feet of air per minute at a velocity of 1500 feet per minute.'* 
Applying to the above building when the air moves over the 
coils at 1000 feet per minute, the heated surface is only 
about four-fifths as valuable and would require 250 lineal 
feet per each 1000 cubic feet of air per minute. This gives 
S333 lineal feet of colls. 

138. Anransement of CoHm in Pipe Heaters: — Coil sec- 
tions are arranged in two, three and four rows of pipes per 
section. Unless special reference is made to this point, the 
latter value is understood. Having found R for the heater, 
obtain from the temperature tables the number of pipe rows 
or sections deep the heater will need to be to produce the 
desired t**. Next, find the net wind area across the coils by 
<lividing the total air moved by the assumed velocity of the 
coils. From the net wind area find the gross cross sectional 
area of the heater by the relation commonly used by manu- 
facturers — 

Gross wind area = 2.5 times net wind area. 
Prom the gross area the size of the heater may be selected. 

Application 1. — In Art. 137 let R = 2222, Q z= 1156935, 
^ = 1000 (deep heater) and t = 140. From Table XXV the 
neater will require 24 rows of coils in depth to give the re- 
'I'^ired temperature. The net area will be 1156935 -r- (60 X 
1000) r: 19.3 sq. ft., the gross area will be 2.5 X 19.3 = 48.25 
^^- ^t. and the heater size will probably be selected 6 ft. x 
*'t. Check for R by second method, following Application 3. 

APPUCATION 2.— Let R = 2758, Q' = 2000000, V = 1000 
^•^eep heater) and t = 111. Find the heater 16 + say 18 
'"ows deep; net area = 33.3 sq. ft.; gross area = 83.3 sq. ft.; 
^^d size of heater = 9 ft. x 9 ft. or 2 divisions each 6 ft. x 
' 't- Check for R as in Application 1. 

' Application 3.— Let R = 1597, Q' = 2000000, V = 1200 
shallow heater) and t = 80. Find the heater 12 rows deep; 
«t area = 27.8 sq. ft.; gross area = 69.5 sq. ft.; and size of 
•^'^^^r 8 ft. X 8.75 ft. 
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A second method of obtaining: pipe coil heater sizes is as 
follows: having found B, obtain the square feet of heating 
surface in any one row of coils across the heater by dividing 
R by the number of rows in depth (in the applications, 24, 
18 and 12). Then from the usual relations existing between 
net area, gross area and heating surface per row obtain the 
size of the heater. Let the net area between the tubes, N. A., 
the space occupied by the tubes, T. A.., and the gross cross 
sectional wind area through the tube, O. W. A., be respectively 

Q or g' Q or Q' Q or Q' 

N. A, z= ; T. A. z= ; and G. W. A. = (69) 

60 y 40 7 24 y 

Since the cross sectional space T. A. occupied by the tubes 
is to the coil surface per row as 1 : 3.1416, the total coil sur- 
face in one row of tubes is 

3.1416 (OorQO (Q or Q') 

Rx = = .08 



40 y y 

Reduced to the basis of the net area, N. A., we have 

Rt = 4.8 times N. A. (70) 

For illustration, when substitution is made in the three 
applications just cited we have: first, R (per row) = 92.6, 
N. A. z= 92.6 -^ 4.8 = 19.3, Q. A. = 2.5 X 19.3 = 48.25 and the 
size of the heater is 6 ft. x 8 ft.; second, R (per row) = 153, 
N. A. = 32, G. A. = 80 and the size of the heater is 9 f t. x 9 
ft.; third. B (per row) = 133, N. A. = 28, G. A. = 70 and the 
size of the heater is 8 ft. x 8.75 ft. 

Slight variations occur in checking between the two 
methods because of the difficulty in selecting the exact num- 
ber of rows of coils to fit the final temperatures. Either of 
the two methods as shown above for determining the size of 
the coil heater will give good practical results. 

Assembled sections of pipe coil heaters are supplied by 
manufacturers from the smallest size of 3 f t. x 3 ft., to the 
largest size of 10 ft. x 10 ft., these dimensions being those of 
the gross cross sectional area, and not overall dimensions. 
Between the two limits, both height and breadth usually 
vary by 6 inch increments. For exact sizes, consult dimen- 
sion tables in manufacturers' catalogs. 

140. Arrangement of Sections and Stacks in Vento Cast 
Iron Heaterst — Referring to Applications 1, 2 and 3, Art. 139. 
find the number ^t stacks deep, the number of stacks high, 






\ 
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e number of sections to the stack and the size of the 

eater as compared with each application in coil heaters. 

Application 1. — B = 2222 and N. A. = 19.3. From Table 

VI the number of stacks deep (regular, t = 140 and U = 

= 6. From Table 53, Appendix, either of the following 

frangements will give the required N. A: (a) one stack 

iE:h, 60 in. section, 21 sections wide; size of heater 105 in. 

idex 60 in. high x 55 in. deep. Check /2 = 336 X 6 = 2016 

Q ft; (b) a 40 in. stack above a 50 in. stack, 14 sections 

ide; size of heater 70 in. x 90 in. x 55 in. Check R =z (189 -f 

50.5) X 6 = 2037 sq. ft.; (c) a 40 in. stack above a 40 in. 

ack, 16 sections wide; siz^ of heater 80 in. x 80 in. x 55 in. 

eck « zr 2 X 172 X 6 = 2064 sq. ft. 

Application 2. — R = 2758 and N. A. = 33.3. Prom the 
ame tables (regular, t — 111 and to = 0) the number of 
tacks deep = 5 and the following arrangements will give 
he required N. A.: (a) a 60 in. stack above a 60 in. stack, 
^8 sections wide; size of heater 90 in. x 120 in. x 46 in. Check 
'' = 2 X 288 X 5 = 2880 sq. ft.; (b) a 40 in. stack above a 
^"in. stack, 21 sections wide; size of heater 105 in. x 100 in. x 
^6 In. Check R z= 2808 sq. ft.; (c) a 40 in. stack above a 50 
in. stack, 23 sections wide; size of heater 115 in. x 90 in. x 
3" in. Check R — 2789 sq. ft. 

Application 3. — R = 1597 and X. A. = 27.8. Regular sec- 
tions, t = 80 and U = 0, find number of stacks deep = 3 and 
the following arrangements of heaters: (a) a 50 in. stack 
above a 60 in. stack, 17 sections wide; size of heater 85 in. x 
no in. X 28 in. Check R = 1505 sq. ft.; (b) a 40 in. stack 
above a 60 in. stack, 19 sections wide; size of heater 95 in. x 
100 in, X 28 in. Check R = 1525 sq. ft.; (c) a 40 in. stack 
above a 50 in. stack, 21 sections wide; size of heater 105 in. x 
^0 in. X 28 in. Check R z= 1527 sq. ft. 

Other arrangements than the above may be made to suit 
the space set aside for the heater in the building plan. It 
^'Jll be noticed that the vento coils as taken from the tables 
theck somewhat below the calculated R. Where space will 
permit add enough sections to the width of the heater to 
keep the total surface up to the calculated R and permit the 
velocity of the air over the coils to drop correspondingly. 

141, Vme of Hot 'Water In Indirect Colls: — In most cases 
'ow pressure steam is used as a heating medium in indirect 
heaters, it is possible to use hot water where a good supply 
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Is available. In such an arrangrement the coils will be cal- 
culated from Equation 65. usins all values the same as for 
steam excepting: t», which will be replaced by the average 
temperature of the water. The piping: connections and the 
arrangrement of the coils will follow the same general sug- 
grestions as already stated for direct heating:. 

142. Pounds of Steam Condensed per Sqvnre Foot of 

Heating: Surface per Honri — From Art. 137 the number of 

pounds of condensation per hour per square foot of surface , 

in the coils is 

H' 

m = (71) 

It X heat g:iven ofT per pound of condensation 

Application. — ^Let R = 2758 and H' = 4023251; also let 1 
pound of dry steam at 5 pounds g:ag:e in condensing: to water 
at 212* give off 1156 — 180 = 976 B. t. M. Then 

4023251 

m =. = 1.5 pounds. 

2758 X 976 

This amount is an averag:e of all the coils. The first and 
last sections in any bank may vary above or below this 
amount 33 per cent. The first coils will condense as much 
as 2 pounds of steam per square foot of surface per hour 
under heavy service. 

148. Poundii of Dry Steam Needed in ISxee«B of the ESx- 
haust Steam Given Off from the Kngrlne: — In all steam driven 
plenum systems it is economy to use the exhaust steam from 
the power unit as a partial supply for the coils. Let the 
heating: value of the exhaust steam from the engine be 85 
per cent, of that of good dl-y steam (See Arts. 164 and 172); 
also let the engine use 40 pounds of dry steam per horse- 
power hour in driving the fan. From Art. 153 the engine 
will use 40 X 13.7 = 548 pounds of steam per hour and the 
heating value will be 976 X .85 = 830 B. t. u. per pound or 
830 X 548 =454840 B. t. u. total per hour. Then 4023261 — 
454840 = 3568411 B. t. u. and 3568411 -r- 976 = 3657 pounds 
of steam. The boiler will then supply to the engine and 
coils 3657 -h 548 = 4205 pounds of steam total and will rep- 
resent 4205 -^ 30 = 140 boiler horse-power. 
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MECHANICAL WARM AIR HEATING AND 
VENTILATION. PAN-COIL. SYSTEMS. 

# 

PRINCIPLES OP THE DESIGN, CONTINUED. 
FANS AND FAN DRIVES. 

144. Theoretical Air Velocity: — The theoretical velocity 
of air flowing from any pressure pa to any pressure pb, is 



obtained from the general equation v = y/2gh, where v is 
&iven in feet per second, g = 32.16 and h =r head in feet pro- 
ducing flow. The latter value may be easily changed from 
feet of head to pounds pressure and vice versa. 

When exhausting air from any enclosed space into 
another space containing air at a less density, the force 
which causes movement of the air is pa — pt = p*. Pressures 
niaybe taken by any standard type of pressure gage. These 
show pressures above the atmosphere. When exhausting 
from any container into the atmosphere, pb = o and pa =. px. 
The fact that a difference of pressure exists between two 
points in air transmission indicates that there are two actual 
columns (or equivalent as in Pig. 10) of air at different den- 
sities connected and producing motion, or that by mechanical 
nieans a pressure difference is created which may be re- 
duced to an equivalent head h by dividing the pressure head 
by the density of the air. Thus 

pressure difference pa — pb 

h — 



density d 

Let Pa — ph ■=- V* "=■ ounces of pressure per square inch of 
area producing velocity of the air; also, let g = acceleration 
due to gravity = 32.16 and d = density (weight of one cubic 
foot) of dry air at 60° and at atmospheric pressure (Table 
^ Appendix). Substituting in the general equation 



V =^. 



64.32 X li^Px 

- = 87 Vpx (72) 



.0764 X 16 
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Since the pressure producing flow is usually measured 
in inches of water, Aw, the above may be changred to read in 
equivalent height of water column by 

weight of water per cu. ft. at given temp. X ho 

h (73) 

weight of air at given temperature X 12 

Applying this to dry air at GO" and water at the same tem- 
perature (Tables 7 and 9, Appendix, also Art. 29), 

62.37 Jiw 

h = = 68 ^ir 

12 X .0764 

which when substituted in the general equation gives 



V = V64.32 X 68/iw = 66.2 Vhu, (74) 

Equation 73 between the temperatures of 50* and 70° 



gives results varying between v = 65.5 \/hw for 50* and r — 



66.5 V/iw for 70*. Taking the average value 



r = 66 Vhw (75) 

Stated as a rule for approximate calculations the theoretical 
velocity of air, when measured by a water column gage that meas- 
ures in inches of water, equals sixty-six tim^es the square root of the 
height of the column in inches. 

For calculations requiring greater accuracy, Equations 72 
and 74 should take into account the density of the air and 
its drop in temperature. First, considering only density, let 
the pressure of one atmosphere at sea level be 29.92 inches 
of mercury (14.7 pounds = 235 ounces per square inch area). 
Since the density is proportional to the absolute pressure, 
the temperature remaining constant, we have from Equation 
72 with air exhausting into the atmosphere 



/ 64.32 X 144 Par / 

V z= -V = 1336 A/ 



(76) 



235 + px ' 235 -\-px 

.0764 X 16 X 

235 

Also from the relation existing between Equations 72 and 74, 
Equation 76 reduces to 



hw 

n =r 1336'\/ (77) 

- > 407 + '»«" 

s 

\ 

\ 
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Second, considering both density and temperature, Equations 
76 and .77 become 



V = 1336 



V =z 1336 






460 4- t 



520 






Pr 



235 -I- px 



460 + t 



) 



h 



w 



(78) 



(79) 



520 / 407 + htc 

To facilitate calculation, the second columns in Tables 
XXX and XXXI have been compiled from Equations 76 and 77 
respectively, and the second column in Table XXXII has been 
compiled for different temperatures on the basis of 60* from 
that portion Of Equations 78 and 79 included within the paren- 

TABL.E XXX. 
Column 2 figured from Equation 76. 



1 




1 


Vol. of air in 







Velocity of dry air at 60° es- 


cu. ft. whicii 


H. P. required 


«3 , 


cfiping- into the atmosphere 


may be dis- 


to move the 
given vol. ot 
air under the 
given conditions 


a . 


through any 


Shaped orifice 


charged i n 1 


1^ 


in any pipe or reservoir In 
which a given pressure is 


min. through 
an orifice hav- 


i^ 


maintained. 




ing an effective 


of discharge. 


r 






area of dis- 
charge of 1 sq. 
in. 
Col. 3 -=- 144 


(Col. 3 X Ool. 1) 


Ph 


Ft. per sec. 


Ft. per min. 




« 


16 X 33000 


% 


30.80 


1848.00 


12.83 


0.00044 


% 


43.56 


2613.60 


18.15 


0.00124 


% 


53.27 


3196.20 


22.19 


0.00227 


% 


61. 56 


3693.60 


25.65 


0.00349 


% 


68.79 


4127.40 


28.66 


0.00480 


% 


75.85 


4521.00 


31.47 


0.00642 


% 


81.37 


4882.20 


33.90 


0.00809 


1 


86.97 


5218.20 


36.24 


0.00988 


1% 


92.18 


5.530.80 


38.41 


0.01178 


1% 


97.18 


5830.80 


40.49 


0.01380 


1% 


101.90 


6114.00 


42.46 


0.01.592 


1% 


10&.40 


6384.00 


44.33 


0.01814 


1% 


110.82 


6649.20 


46.11 


0.02046 


i?4 


114.86 


6891.60 


47.86 


0.02284 


1% 


118.85 


7131.00 


49.52 


0.02.533 


2 


122.47 


7348.20 


51.03 


0.02787 



thesis. From these three columns of tabulations the theo- 
retical velocity of air under any pressure and temperature 
change may be obtained without using the equations, by 
multiplying the velocities found in Tables XXX and XXXI 
by the factor for temperature correction given in Table 
XXXII. Other points of information concerning velocities, 



252 



HEATING AND VENTILATION 



pressures, weigrhts and horse-powers in moving: air may bo 
obtained by multiplying: by the factors as g'iven in the re- 
spective columns. 

TABLE XXXI. 
Column 2 figured from Equation 77. 





Velocity 


of dry air at 60° escaping into the atmosphere 


Pressure 


through 


any shaped orifice in any pipe or reservoir in which 


head in 


a given 


pressure is maintained. 


inches of 
water 






Feet per second 


Feet per minute 


.1 




20.94 


1256.40 . 


.2 




29.67 


1780.20 


.3 




36.25 


2175.60 


.4 




41.86 


2511.60 


.5 




46.80 


2708.00 


.6 




51.26 


3075.00 


.7 




56.36 


3321.60 


.8 


- 


50.10 


3546.00 


.9 




62.60 


3756.00 


1. 




66.14 


3968.40 


1.1 




69.36 


4161.60 


1.2 




72.44 


. 4346.40 


1.3 




75.39 


4623.40 


1.4 




78.21 


4692.60 


1.5 




80.96 


4857.60 


1,6 




83.59 


5015.40 


1.7 




86.16 


5169.60 


1.8 




88.65 


5319.00 


1.9 




91.27 


5476.20 


2. 




93.42 


5605.20 


2.1 




95.72 


5743.20 


2.2 




97.96 


5877.60 


2.3 




100.15 


6009.00 


2.4 




102.29 


6137.40 


2.5 




lOi.39 


6268.40 


2.6 




106.43 


6385.80 


2.7 




106.46 


6507.60 


2.8 




110.43 


6625.80 


2.9 




112.37 


6742.20 


3. 




114.28 


6856.80 


3.1 




116.15 


6969.00 


3.2 




118.00 


7oeo.oo 


3.3 




119.81 


7188.60 


3.4 




121.60 


7296.00 


3.5 




123.36 


7401.60 



Application 1. — Air is e.xhausting: from an orifice in an 
air duct into the atmosphere. The pressure of the air within 
the duct is one ounce by pressure ga.ge or 1.74 inches of 
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water by Pitot tube. Assuming: the air to be dry and the 
barometer 29.92 inches when the water in the tube and the 
air current are 60', what is the theoretical velocity of the 
air? 

Solution.— By Tables XXX and XXXI, v = 86.97. Check 
this by Equation 7-6. 

Application 2.- — In Application 1 let the duct pressure and 
temperature be 3 inches of water and 70* respectively. What 
>8 the theoretical orifice velocity? 

Solution. — From Table XXXI, v = 114.28 at 60°. Multi- 
plying this by 1.01 from Table XXXII = 115.42 F. P. S. 
velocity. Check by Equation 79. 



TABLE XXXII. 



« 

9 


Factor for rel- 




Factor for rel- 


th a. m m 


U 


ative V e 1. at 


Factor for rel- 


ative vel. to 


Factor for rel- 


at 

ffi 


same pressure 


ative pressure, 


move same wt. 


ative power to 


•c 


also relative 


also wt. of air 


of air also rel- 


move same wt. 


c 


. powers to move 


moved at same 


ative oressure 


of air at vel. in 


■•■ 


same vol. of air 


vel. = 


to produce the 


column 4 and 


d 


at same vel. = 


460° +60" 


vel. to move 


pressure in col- 


^ 






same wt. of air 
1 ^ Col. 3 


umn 4 = factor 


Z 


1 m. St anr T 


T 


i n column 4 


k 


\ W. at 4800+800 


squared 


30 


.97 


1.07 


.93 


.87 


40 


.98 


1.04 


.96 


.92 


50 


.99 


1.02 


.98 


.9() 


» 


1.00 


1.00 


1.00 


1.00 


70 


1.01 


• ITO 


1.02 


1.04 


90 


1.02 


.96 


1.04 


1.08 


90 


1.03 


.94 


1.06 


1.13 


100 


1.04 


.92 


1.09 


1.19 


125 


1.06 


.89 


1.12 


1.25 


150 


1.08 


.85 


1.18 


1.39 


175 


1.10 


.82 


1.22 


1.49 


200 


1.13 


.79 


1.27 


1.61 


250 


1.17 


.73 


1.37 


1.88 


300 


1.21 


.68 


1.47 


2.16 


350 


1.25 


.64 


1.56 


2.43 


400 


1.28 


.60 


1.67 


2.79 


dOO 


1.36 


.54 


1.85 


3.42 


000 


1.43 


.49 


2.04 


4.16 


700 


1.49 


.45 


2.22 


4.93 


80O 


1.56 


.41 


2.44 


5.95 



14S. Actual Amoant of Air KxhauHtedt — When air at 
any pressure is exhausted from one receptacle to another 
througrh an orifice, nozzle or short pipe, the actual velocity 
is reduced below the theoretical velocity and the effective 
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area of (he jet or streamls less than the actual area oC the 
upenlng:, Theae variations are due to the shape of (he inlet 
and the friction on the contact surface. To And the amount 
of air Q moved per second, multiply the theoretical velocity 
by the actual area and by a constant whteh la the product 
of the coefficient of reduced velocity and. the coefficient ot 
reduced area. Q = € o A, where C = constant, usually called 
coefficient of efflvx, Kent, .page «15. quotes from eiperimenls 
by Welsbach the toUowlne values: 
For.conoidal mouthpiece, of form of the 

contracted vein, with pressures of 

from 0.23 to 1.1 atmospheres 

Circular orifice in thin plate,, 

Short cylindrical mouthpiece 

Short cyl. mouthpiece rounded at the Inner 

end 

Conical converging mouthpiece 

construction (he number and shape of the blades, the sizes 
of the inlet and outlet openings, the shape and size of the 
casement around the wheel and the speed, all have an effect 
upon the relation between the pressure and the velocity of 
the air discharge. From tests conducted by the author, the 
curves shown in Fig. 148 were obtained. A No. 2 Sirocco 





0.99 


C — «,66 to 


0.19 


C ~ 0.81 to 


0.84 


C = 0-92 to 


0.93 


C = 0.90 to 


0.H9 


kc Relallon 


br- 


■Blaaloii:— In 


fan 



fv«"^. 
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blower was belted to an electric motor and delivered air to 
a horizontal, circular pipe whose length was nine times the 
diameter. This pipe was provided with reducing nozzles 
which varied the area of discharge by tenths from full open- 
ing to full olosed. The air tube was provided also with 
manometer tubes for static, dynamic and velocity pressures, 
also, an adjustable scale reading in two positions, either .01 
or .002 inch of water. The gross power was taken by Watt- 
meter and the delivered power from motor to fan was taken 
by dynamometer. In addition to this, the frictional hoVse- 
pow^er of the fan and motor unit was obtained by removing 
the fan w^heel from the shaft and taking readings with all 
other conditions remaining as nearly constant as possible. 
The frictional power, when deducted from the gross power 
recorded by the wattmeter, gave the readings for the net 
horse-poWer curve. A galvanized iron intake, enlarged from 
the size of the fan intake to a rectangular four square feet 
in area and divided by fine wires into squares to the size of 
the standard anemometer, was used to find the volume of air 
moved per minute. This volume is shown in the curve 
C. P. M. To. check the curve, the volume was calculated for 
each opening by the Pitot tubes on the side of the experi- 
mental pipe. 

To fully understand this article, refer to Art. 2.9 and note 
that A, Pig. 12, registers static pressure plus velocity pressure. 
This sum may be called the dynamic pressure. Also note that 
B registers only static pressure, i. e., that pressure which acts 
equally in all directions and serves no usefulness in moving 
the air. Also, note that A — J3 = C, i. e., dynamic pressure 
minus static pressure equals velocity pressure. When ap- 
plied in the form shown by C, the pressure recorded is that 
due to the velocity only. This is the form commonly used. 
Referring again to Pig. 148, A V P is that pressure recorded 
by (7 when applied to the air current at the fan outlet, = air 
velocity pressure. P V P is that pressure (obtained by Equar 
tions 72 arid 77) that would be shown on C if the air were 
moving as fast as the tip of the blades on the fan wheel, = 
peripheral velocity pressure. P V P = 1 in Pig. 148. p P 
is the dynamic pressure and would be found by applying A 
only. S P is the static pressure as stated above. 

In the tests, the fan was run at constant speed and the 
dynamic, static and velocity pressures were measured about 
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midway of the pipe at full opening. Then the openingrs were 
chanired by 10 per cent, reductions until the pipe was fully 
closed and similar reading:s taken for each reduction. These 
readlng^s were plotted in the upper set of curves. Because 
the manomet&r tubes were located some distance from the 
end of the experimental pipe, there was a static pressure, 
ah, recorded at full opening. This caused the dynamic pres- 
sure to be raised a corresponding amount, o' h'. If the tubes 
had been located at the delivery end of the pipe the static 
and dynamic pressures would have fallen from h and h' to 
a and o'. The peripheral velocity of the wheel was 2828 feet 
per minute and the corresponding pressure, with corrections 
for temperature, was found by Equation 75 to be .5 inch of 
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water. The relation between the peripheral velocity pres- 
sure and the air velocity pressure is shown in the upper 
curve, Fig. 149. In applying this to fan practice it shows 
the relation between the velocity of a point on the wheel 
circumference and that of the air leaving the wheel. Notice 
that at full opening and discharging into free air, 
AVP : PVP :: 1.2 : 1. Since the velocities vary as the 



square roots of the pressures (r = \/2gh), we find the veloc- 
ities to be VOO : Vl~^ 1.1 : 1. That is to say, for this fan 
the air velocity at the free opening of the fan is 1.1 times 



V 
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the peripheral velocity of the wheel. The corresponding 
velocity of air from a steel plate fan as reported by the 
American Blpwer Co. and as shown on the lower chart, is 



V.45 : VI = .67 : 1, or .61 of the speed of the Sirocco fan 
for the same wheel speed. The resistance offered by the 
ducts in the average plenum heating system is equivalent, 
we will say, to that offered by a 75 per cent, gate opening in 
the experimental pipe. According to the diagrams for this 
opening, the ratio A V P to P V P is 1.04 for the Sirocco fan 
and .25 for the steel plate fan. The ratio of the air velocities 



to the peripheral velocities then are, respectively, VI. 04 



VI = 1.02 : 1 and V.25 : V 1 = .5 : 1. These show that with 
a 75 per cent, opening and with the fan wheels running with 
a peripheral velocity of 3000 feet per minute, the air would 
be entering the ducts at 1.02 X 3000 = 3060, and .5 X 3000 = 
1500 feet per minute respectively for the two types. Con- 
versely, if it were desired to have the air enter the ducts at 
1500 feet per minute, with a resistance equivalent to a 75 
per cent, opening, the fan wheels would have peripheral 
speeds of- 1500 -r- 1.02 = 1470, and 1500 -h .5 = 3000 feet per 
minute respectively. From these velocities may be obtained 
the wheel diameter for any given R. P. M. Other models of 
the Sirocco and multiple blade type of fans will show dif- 
ferent characteristics than the one under consideration. It 
will be seen from the above analysis that the change in con- 
struction from the steel plate type to the multiblade type 
permits a smaller w^heel and fan to be installed for any given 
Work desirable. From Equation 86 it is seen that the power 
required to drive a fan varies as the fifth power of the 
diameter and as the cube of the speed. With a given amount 
of air, Q, required per minute, the power will be diminished 
by reducing the diameter of the wheel or by reducing the 
speed of the fan. Manufacturers' catalogs should be con- 
sulted for capacities, sizes, etc. Such tables are supplied by 
the trade in form for easy reference and use. 

147. "Work Performed and Horse-Poirer Consamed in 
Moving Alrt — The foot pounds of work performed in moving 
air equals the product of the moving force into the distance 
woved through in any given time. Let pa — pt = px = mov- 
ing force of air in ounces per square inch and A = cross- 
sectional area of air stream in square inches. Then the 
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pounds per square inch will be pr — 16, and the foot pounds 

of work, W, and the horse-power, H. P., absorbed per minute 

by the air will be 

60 PxA V 

W = = 3.75 p, At? (80) 

16 

3.75 pt Av 

H. P. = = .000114p*At; (81) 

33000 

Equation 81 may be stated in terms of the cubic feet or stir 
dischargred per minute. Take the relation between ps and hw 
at 60" as 12 p* = 16 X .433 /!«; also the relation Av = 144 Q 
when Q = cubic feet of air dischargred per second and, from 
Equation 75, hw = r^ -^ 4356. Then by substituting: in Equa- 
tion 81 

3.75 X .577 X v^ X 144 Q 

H. P. = = .0000022 172 (82) 

4356 X 33000 

In Equations 80 to 82, px = total pressure drop in system be- 
ing investigated (dynamic pressure), and v = velocity cor- 
responding to px. 

Illustration. — In a plenum heating and ventilating sys- 
tem the pressure above atmosphere at the fan outlet (gage 
pressure, corresponding to resistance of ducts and heater 
coils) is .6 inch of water; the pressure below atmosphere at 
the fan inlet (resistance of tempering coils and air inlet) is 
.15 inch of water; the equivalent velocity head is .25 inch of 
water; then the pressure the fan is working against is 1 inch 
of water = .58 ounce = px. 

Application 1. — The constant area of a stream of dry air 
at 60* exhausting between the pressures of po = 1% ounces 
and pb = y^ ounce, is 400 square inches. What is the work 
performed per minute and the horse-power consumed? (For 
velocity see second column Table. XXX), 

W = 3.75 X (1% — V^) X 400 X 86.97 = 130500 foot 
pounds, and //. P. = .000114 X d^ — ^) X 400 X 86.97 = 
3.96. 

Application 2. — A fan is delivering 1000000 cubic feet of 
air per hour to a heating system at a temperature of lOO* 
and with a total pressure of % ounce. What is the theoret- 
ical horse-power of the fan? Prom Tables XXX and XXXII, 
» = 75.35 X 1.04 = 78.36 and 

//. P. = .0000022 X (78.36)2 x 278 = 3.76 

V 

\ 
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The actual horse-power of a blower fail is the horse-power 
absorbed in moving the air plus the horse-power absorbed 
by the blower. Let E =: efficiency of the blower. Then Equa- 
tions 81 and 82 become 

.000114 p* At? 

H. P. = (83) 

E 

.0000022 i;2 Q 

H. P. = (84) 

E 

The value of E changes with the type of fan. In the 
steel plate fan it will vary from 20 to 40 per cent. Average 
30 per cent. In the Sirocco and multiblade fans it will vary 
from 50 per cent, at 50 per cent, rated capacity to 70 per cent. 
at 100 per cent, rated capacity. The latter value is safe 
(See also Art. 162). 

148. Carpenter's Practical Rales for Fan Capacities s — 

Professor Carpenter in H. & V. B. has summarized tests on 
steel plate fans as follows: 

Rule. — "The capcbcity of fans, expressed in cubic feet of air de- 
livered per minute, is equal to the cube of the diameter of the fan 
wheel in feet m,ultiplied by the num,ber of revolutions multiplied by 
coefficient having the following approxim,ate value : for fan with 
single inlet delivering air vHthout pressure, 0.6 ; delivering air with 
pressure of one inch, 0.5 ; delivering air v>ith pressure of one ounce, 
0.4 ; for fans with double inlets, the coeffi-cient should be increased 
about 50 per cent. For practical purposes of ventilation, the ca- 
pacity of a fan in cubic feet per revolution will equal A the cube 
of the diameter in feet." 

Rule. — "The delivered horse-power required for a given fan or 
Slower is equaJ- to the 5th power of the diameter in feet, multiplied 
liy the cube of the number of revolutions per second, divided by one 
miUion and multiplied by one of the following coefficients : for free 
^livery, 30 ; for delivery against one ounce pressure, 20 ; for de- 
livery against two ounces of pressure, 10." 

Stated as equations these rules are as follows: 



8 / Cu. ft. of air per min. 

D =z ^ (85) 

^ C X liPM 

where D = the diameter in feet and C = the coefficient, .4 
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for pressure of one ounce, .5 for pressure of one inch, and 
.6 for no pressure. 



//. P. = 



D^ (RP8)» X C 
1000000 



(86) 



where = 30 for open flow, 20 for one ounce and 10 for tw^o 
ounces pressure respectively. 

Note. — In usingr Equations 85 and ^6 for Sirocco or multi- 
vane fans, G should be 1.1, 1.2 and 1.3 for 85. and 100, 95 
and 90 for 86. 

148. Approximate Fan Siseisi — Table XXXIII gives sizes 
of important features in fan casing^, wheel and openings re- 
ferred to the wheel diameter. 



TABLE XXXIII. 



Diameter of wheel 

Diameter of inlet, single 

Dimensions of exhaust 

Wheel width inlet circum... 
"Wheel width outer circum... 



Steel plate fan 




D 








.60 


D 


to 


.70 


D 


.50 


D 


to 


.60 


D 


.50 


D 


to 


.60 


D 


.35 


D 


to 


.45 


D 



Multiblade fan 



1.0 D to 1.2 n 
.6 D to .8 J3 
by .7 D to 1.0 D 

.5 D 



Type of fan 

Steel plate 

Multiblade 

Steel plate 

Multiblade 

Steel plate 

Multiblade 



Space 

occupied 

Full housed 

Length 

Height 

Width 



Discharge 
vert. 



1.7 D 


to 


1.5 D 


1.8 


D 


to 


2.0 D 


1.5 


D 


to 


1.7 D 


1.4 


D 


to 


1.6 D 



.7 D to 1.2 Z> 
1.3 D to 1.5 D 



Dischargee 
horiz. 



1,5 D to 1.7 


Z> 


1.4 D to 1.6 


n 


1.7 D to 1.5 

• 


z> 


1.8 D to 2.0 


z> 



.7 D to 1.2 n 
1.3 D to 1.5 n 



■^ 
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ISO. Helvetian at Pan for Given CapscNri — By calculation. 
■(See Art. 153, Application 1). 

By graphical nnaisait.- — Aaaume the conditions given tn Art. 
>3, Application 1, and apply Fig- 150 as follows; locate Z33Sa 
n the C P M scale, rise vertically from this point to the In- 



action of that fan n 

zontally to the left t 
rsection with the 1 in 
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point A. From here drop vertically past the peripheral 
velocity 2850 feet per minute to the No. 10 slope and then 
move horizontally to the left to 180 revolutions per minute. 
Also, from A parallel the horse-power curve to the end, then 
rise to curve No. 10 and move horizontally to the left to 9 
horse-power. Check the peripheral and outlet velocities, 
also other values found, by Table 57, Appendix. 

Similar charts of workable size may be had from the manufac- 
turers covering fans, Nos. 9 to 16 inclusive. 

161. Fan Drives s — Fans for heating: and ventilating: pur- 
poses may be driven by simple horizontal or vertical, throt- 
tling: or automatic steam eng:ines, or by electric motors. In 
either eng:ine or motor drives the power may be direct-con- 
nected or belt-connected to the fan. Direct-connected fan 
units make very neat arrangements but they require slow 
speed engines or motors and are frequently so larg:e as to 
be prohibitive. Engrine fans having poor attention are liable 
to pound, the noise carrying through the fan to the air cur- 
rent and up to the rooms. In belted drives engines or mo- 
tors are run at higher speeds and are either set off from the 
fan 10 feet or more to get good belt contact or used with a 
tightener. Chain drives are sometimes installed. They are 
positive in speed, fairly quiet in operation, permit the same 
speed reductions as belt drives and economize floor space. 

In deciding between engine or motor drives with 'steam 
coils, the steam from the engine should be considered a 
credit to the heating system since It is exhausted into the 
heater coils and used instead of live steam from the boilers. 
Engines of high efficiency are not essential when the ex- 
haust steam can be used for heating. Enclosed engines run- 
ning in oil are preferred for high speeds. Belt drives should 
have the tight side below to increase the arc of contact. 

Electric motors should be specified for installations 
where exhaust steam can not be used, as in systems for 
ventilating only. They are more satisfactory in many ways 
than steam engines but are more expensive to operate. 
Direct current motors are desired in many places because 
of the convenience in obtaining speed changes and direct- 
connections. Alternating current motors operate at higher 
speeds, but may have speed reductions of 40 per cent, where 
required. When motors are specified the alternating current 
constant speed machine with belt drive is generally selected. 
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152. Speed of the Fant — ^A blower fan, exhausting: into 
the open air, will deliver air with a lineal velocity approx- 
imately that of the peripheral velocity of the fan blades. If 
this same fan is connected to a system of ducts and heater 
coils, the lineal velocity of the air is reduced because of the 
increased resistance in the duct system. This causes the air 
to lag or slip between the fan blades and the casinir> In the 
average heating: system using: multiblade fans this slip may 
be as great as 30 per cent. (See Art. 146). It is sometimes 
convenient in applying: blowers to heating: systems to con- 
sider the lineal velocity of the air as it leaves the fan to be 
two-thirds that of the periphery of the fan blades. Since 
the velocity of the air upon delivery from the fan should not 
exceed 1800 to 2500 feet per minute, the outer point on the 
fan blades should not be expected to move faster than 2700 
to 3750 feet per minute. Knowing: this peripheral velocity, 
the revolutions per minute may be selected and the diameter 
obtained. 

In direct-connected fans the revolutions per minute must 
agree with those of the attached eng:ine or motor. In belted 
fans this restriction does not apply. Ordinary blower fans 
running: at hig:h speeds are noisy and practice has deter- 
niined the number of revolutions to use. Table XXXIV gives 
speeds that may be recommended for such use. 

TABLE XXXIV. 
Speeds of Sirocco and Multiblade Blower Fans, in R P M 







Differential pressures 




Diameter 
of wheel 








.288 oz. 


.433 oz. 


.577 oz. 


.865 oz. 


1.154 oz. 


in inches 


.5 in. 


.75 in. 


lin. 


1:5 in. 


2 in. 


24 


822 


S91 


454 


554 


642 


% 


214 


260 


sm 


360 


427 


48 


161 


196 


225 


277 


321 


60 


129 


157 


181 


223 


257 


72 


107 


130 


151 


185 


214 


84 


92 


112 


130 


159 


184 


00 


86 


104 


121 


148 


171 


96 


81 


99 


113 


139 


160 



In recent developments in blower fans the number of 
blades has been increased and the depth of the blades has 
been diminished, making the operation of the fan somewhat 
similar to that of the steam turbine. These changes have 
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produced higher efficiencies under test than were possible 
with the ordinary steel plate or paddle wheel fan. As a re- 
sult, fan sizes for given capacities have been reduced. 
Tables 55, 56 and 57, Appendix, give summaries of the latest 
catalog data. 

1S3. Selection of the BnKlne and Fan: — Determine the 
power of the fan from Equations S3 or 84. Assume a certain 
ratio between this and the engine power, say as 3 is to 4, 
then 

4 

//. P. of the engine = — H. P. of the fan (87) 

3 

Having obtained the horse-power of the engine, And the 

size of the cylinder as follows: let po 9=- absolute initial 

pressure of the steam in the cylinder, and r = number of 

the steam expansions in the cylinder = reciprocal of the per 

cent, of cut-off = the sum of the displacement at release 

plus the clearance divided by the sum of the displacement 

at cut-off plus the clearance. The cut-off allowed for high 

speed engines in power service approximates 25 per cent. 

stroke, but in engines for blower work this may be taken 

50 per cent, stroke. Find the mean effective pressure, pi,. by 

the equation 

1 + hyperbolic logarithm of r 

Pi = Pa back pressure (88) 

r 

Let I = length of the stroke in inches and N = number of 
revolutions per minute and apply the equation 

2pxlAN 
E. P. = (89) 

12 X 33000 

and find A, the area of the cylinder, from which obtain d, 
the diameter of the cylinder. In applying Equation 89 it 
will be necessary to assume I. For engines, operating blow- 
ers this may be taken 

2 I N z=z 200 to 400 

Equation 88 assumes that the steam in the cylinder ex- 
pands according to the hyperbolic curve, p v = p' «?'. For 
values of hyperbolic (Naperian) logarithms see Table 5, 
Appendix. It also assumes no loss in the recompression of 
the steam in the cylinder. Both assumptions are only ap- 
proximately correct, but the errors are slight and to a cer- 
tain degree, tend to neutralize each other, hence the final 
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results from this equation are near enougrh to be used for 
fan engrine calculations. For such work as this, r may be 
taken from 2 to 3. The back pressure should not be higrher 
than 5 pounds g'agre (19.7 pounds absolute). Thi,s is deter- 
mined by the pressure in the coils carrying exhaust steam, 
which frequently drops to atmosphere or below. 

In determining* the cylinder diameter and length of 
stroke it may be necessary to make two or more trial appli- 
cations before good sizes are obtained. When initial steam 
pressures are low, say not to exceed 30 pounds gage, mean 
effective pressures are small, thus requiring cylinders of 
large diameter. In such cases the diameter of the cylinder 
may be greater than the length of stroke. Where high 
pressure steam is used, say 100 pounds gage, the diameter 
of the cylinder will be less than the length of the stroke. 

Application 1. — Assume the following to fit the design 
shown in Figs. 151, 152 and 153; dry steam to the engine at 
100 pounds gage pressure; direct-connected unit; Sirocco 
type fan, single inlet, 60 per cent, efficiency, running at 180 
revolutions per minute and delivering 2000000 cubic feet of 
air per hour to the building against a static pressure of 1 
inch of water (total pressure 1.15 inch). (See Table 57, Ap* 
pendix); steam cut-off in the cylinder at one-third stroke 
and used in the coils at 5 pounds gage pressure. Find the 
sizes and horse-powers of the engine fan unit. 

From Equation 84, with v = velocity due to a total pres- 
sure of 1.15. inch of water, 

.0000022 X (71)2 X 555.5 

Fan H, P. = = 10.26 

.60 

Prom extended tables of the A. B. Co. similar to Table 57, 

Appendix, find a No. 10 fan, 60 inch wheel. 33650 C. F. M., 181 

R. P. M., 10.2 H. P. Peripheral velocity of wheel 2845 F. P. M. 

Checking these values with Equations 85 and 86 



r. J, ^ 8 / 2000000 

D of fan = -J - 5.2 ft. = 62 in. 

^ 60 X 1.3 X 180 

(5.2)« X (3)3 X 97 

H. P. of fan = = 10.1 

1000000 

Prom Equations 87, 88 and 89. 

4 
H. P. of engine = — X 10.26 = 13.68 
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Pi 



(1 + 1.0986 \ 
I — 19.9 = 60.6 lbs. per sq. in. 



It 2 I N = 250, I = 250 ^ 360 = .69 ft. = 8.25 in. and 

13.68 X 12 X 83000 

A = = 30 sq. In. = 6.25 In. diameter. 

2 X 60.5 X 8.26 X 180 

The enerine is 6.25 in. X 8.25 in., at 180 R. P. M. 

Application 2. — Assume the values as in Application^ 1, 
exceptingr that the steam is taken from a conduit main at 
a pressure of 30 pounds per square inch gAge, that 2 I N = 
800, and that the steam cut off in the cylinder is at one-half 
stroke. As before, D of fan = 5.2 ft.; H. P. of fan = 10.26; 
and H. P. of engrine — 13.68. The mean effective pressure is 

(1 + .6931 \ 
I — 19.9 = 18.2 lbs. per sq. in. 

13.68 X 12 X 33000 

A = = 83 sq. in., and the size of 

2 X 18.2 X 10 X 180 

the engine is 10.25 in. X 10 in., at 180 R. P. M. 

154. Ptplng: ConnectlonA Around Heater and ESngrinet — 

Where fans are run by steam power the steam supply pres- 
sure is higrher than that in the coils and the live steam must 
enter the coils through a pressure reducing valve. Where 
this reduction is made to 5 pounds or below, the live steam 
may enter the same main with exhaust steam from the en- 
gine, the back pressure valve on the exhaust steam line pro- 
viding an outlet to the atmosphere in case the pressure runs 
above the 5 pounds allowable back pressure. If the back 
pressure increases above 5 pounds, the efficiency of the en- 
gine is reduced. Where the condensation from the live 
steam is desired free from oil, a certain number of coils are 
tapped for exhaust steam and this condensation trapped to 
a waste or sewer, the other coils delivering to a receiver for 
boiler feed or other purposes as may be required. 

Every heating system should be fully equipped with 
pressure reducing valves, back pressure valves, traps, and a 
sufficient number of globe or gate valves on the steam sup- 
ply and gate valves on the returns to make the system 
flexible and responsive to varying demands. Supply and re- 
turn connections for heater stacks should be the same as for 
the amount of direct radiation that will condense the same 
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amount of steam. Some engineers advocate a water-seal of 
20 to 30 inches on the return end of each section, thus mak- 
ing each section independent in its action. Where the coils 
are very deep this is a benefit. 

« 

155. AppUcation to School Buildlniir«< — Figs. 151, 152 and 
153, and Table XXXV show an application of plenum heat- 
ing and ventilatingr to a school building:. The table gives 
some of the calculated results. Most of the applications 
throughout Chapters X, XI and XII, also refer to this same 
building. 

The plans show the double duct system with plenum 
chamber and ducts laid just below the basement floor. The 
small arrows show the heat registers and vent registers for 
each room. The same stack which serves as a heat car- 
rier to the room on one floor serves as the vent stack for 
the corresponding room on the floor above, there being a 
horizontal cut-off between them. The cut-off at the heat 
register is curved to throw the current of heated air into the 
the room with the least possible friction or eddy currents. 

TABLE XXXV. 
Data Sheet for Figs. 151, 152, 153. 





Heat loss 




Heat loss 




Heat loss 




In B. t. u. 




in B. t. u. 




in B. t. u. 




per hour from 




per hour from 




per hour from 


Room 


room, not 


Room 


room, not 


Room 


room, not 




counting 




counting 




counting 




ventilation 




ventilation 




ventilation 


1 


51,520 


11 


81,130 


21 


81,130 


I 


74,200 


12 


126,973 


22 


17,150 


3 


2P,400 


13 


44,583 


23 


113,800 


4 


96,260 


14 


60,907 


24 


17,150 


5 


42,210 


15 


70,224 


25 


35,180 


6 


35,350 


16 


50,862 


26 


53,438 


7 


^ »,»»^ 


• 17 


51 ,940 


27 


102,333 


8 


16,520 


18 


24,843 


28 


28.420 


9 


16,520 


19 


23,660 


29 


37,380 


10 


42,210 


20 


63,840 


30 


54,110 


Totals 


344,190 


Totals 


540,100 


Totals 


508,961 
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Fig. 152. 
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156. Application of Split System to Scliool Bnildinffi — 

Figs. 154, 155 and 156 show the plans of a school buildlnfiT 
heated by direct-radiation and ventilated by fan-coil system. 
These are included especially to show the arrangrements of 
the ducts and indirect apparatus on the basement plan. 
Some of the principal points in the desigrn of the indirect 
section of this plant are as follows: Air moved by the fan 
per minute, 30000 cu. ft. agrainst a static pressure of % in. 
of water; fan, at a tip speed of 2700 f. p. m., requires 9 horse- 
power; motor horse-power, 12; 50" vento coils, 3 stacks deep, 
B" centers, arranged in two tiers of 16 sections each making: 
a total of 96 sections; air warmed from — 10* to 80*; duct at 
A B, 15 sq. ft., velocity 1600 f. p. m.; at C D, 9 sq. ft., velocity 
1500 f. p. m.; at ^ F, 7 sq. ft., velocity 1550 f. p. m., and at 
H, 2.5 sq. ft., velocity 1150 f. p. m.; fresh air inlet grill 48 
sq. ft., covered by %" mesh wire screen; individual exhaust 
ventilation for toilets and showers; automatic regulation on 
all direct radiation in all class rooms and on two of the three 
complete stacks in the vento heaters. To supply the coils 
and the direct radiation required three cast iron sectional 
boilers, each having a rated capacity of 8350 sq. ft. of direct 
steam radiation. 
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Fig. 154. 
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Fiff. 156. 



CHAPTER XIII: 



DISTRICT HEATING OR CENTRAIilZED HOT WATKR 

AND STBAM HEATING. 



GENERAL. 

167. Heatlngr Rc»ideiice« and Ba«lnes« Blocks from a 
central station is a method that is beings employed in many 
cities and towns throughout the country. The centralization 
of the heat supply for any district in one large unit has an 
advantage over a number of smaller units in being able to 
burn the fuel more economically, and in being able to re- 
duce labor coiis. It has also the advantage, when in con- 
nection with any power plant, of saving the heat which 
would otherwise go to waste in the exhaust steam and stack 
gases, by turning it into the heating system. The many 
electric lighting and pumping stations around the country 
give large opportunity in this regard. Since the average 
steam power plant is very wasteful in these two particulars, 
any saving that might be brought about should certainly be 
sought for. On the other hand, however, a plant of this 
kind is at a disadvantage in that it necessitates transmit- 
ting the heating medium through a system of conduits, which 
generally is a wasteful process. The failure of many of the 
pioneer plants ha^ cast suspicion upon all such enterprises 
as paying investments, but the successful operation of many 
others shows the possibilities, where care is exercised in 
their design and operation. 

158. Important Considerations in Central Station Heat- 

*«g« — In any central heating system, the following consider- 
''ations will go far toward the success or the failure of the 
enterprise: 

Fir8t. — There should be a demand for the heat. 

Second. — The plant should be near to the territory heated. 

Third. — There should be good coal and water facilities at 
the plant. 

Fourth. — The quality of all the materials and the instal- 
lation of the same, especially in the conduit concerning in- 
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sulation, expansion and contraction, and durability, are 
points of unusual importance. 

Fifth. — The plan£ must be operated upon an economical 
basis, the same as is true of other plants. 

Sixth. — The load factor of the plant should be high. This 
is one of the most important points to be considered in com- 
bined heating* and power work. The greater the proportion 
of hours each piece of apparatus is in operation, to the total 
number of hours that the plant is run, the greater the plant 
efficiency. The ideal load-factor requires that all of the ap- 
paratus be run at full load all the time. 

The average conduit radiates a great deal of heat, hence, 
the nearfer the plant to the heated district the greater the 
economy of the system. Likewise a location near a railroad 
minimizes fuel costs, and good v^ter, with the possibility 
of saving the water of condensation from th^ steam, assists 
in increasing the economy of the plant. It is to be expected 
that even a well designed plant, unless safeguarded against 
ills as above suggested, would soon succumb to inevitable 
failure. 

Two types of centralized heating plants are in use, hot 
water and steam. Each will be discussed separately. In the 
discussion of either system, certain definite conditions will 
have to be met. First of all, there should be a demand in 
that certain locality for such a heating system, before the 
plant can be considered a safe investment. To create a de- 
mand requires good representatives and a first-class resi- 
dence or business district. When this demand is obtained 
the plan of the probable district to be heated will first be 
platted and then the heating plant will be located. In many 
cases the heating plant w^ill be an added feature to an al- 
ready established lighting or power plant and its location 
will be more or less a predetermined thing. 

In addition to these material and financial features just 
mentioned, one must consider the legal phases that always 
come up at such a time. These relate chiefly to the franchise 
requirements that must be met before occupying the streets 
with conduit lines, etc. All of these considerations are a 
part of the one general scheme. 

150. The Scope of the Work in central station heating 
may be had from the following outline: 



DISTRICT HEATING 



27 



( Hot Water Keating' 
by use of 



Central Sta- 
tion HeatingT" 



Exhaust steam heaters 
I^ive steam heaters 
Heating boilers 
Economizers 
Injectors or 
Com-minglers 



I Steam Heating \ Exhaust steam 

Live steam 



!Ex 
Li^ 



In the tiot water system the return water at a lowered tem- 
perature enters the power plant, is passed through one or 
more pieces of apparatus carrying live or exhaust steam, or 
flue gases, and is raised in temperature again to that in the 
outgoing main. From the above, a number of combinations 
of reheating can be had. Any or all of the units may be put 
in one plant and the piping system so installed that the 
water will pass through any single unit and out into the 
main; or, the water may be split and passed through 
units in series. AH of these combinations are possible, but 
not practicable. In most plants, two or three combinations 
only are provided. In the existing plants the order of pref- 
erence seems to be, exhaust steam reheaters, economizers, 
heating boilers, injectors or com-minglers, and live steam 
heaters. 

All of the above pieces of reheating apparatus operate 
by the transmission of heat through metal surfaces, such as 
hrass, steel or cast iron tubes, excepting the com-mingler, 
this being simply a barometric condenser in which the ex- 
haust steam is condensed by the injection water from the re- 
turn main, the mixture being drawn directly into the pumps. 

The objection to the tube transmission is the lime, mud 
and oil deposit on the tube surfaces, thus reducing the rate 
of transmission and requiring frequent cleaning. The ob- 
jections to the com-minglers are, first, that the pump must 
draw hot water from the condenser and second, that a cer- 
tain amount of the oil passes into the heating line. With 
perfected apparatus for removing the oil, the com-mingler 
will no doubt supersede, to a large degree, the tube re- 
heaters in hot water heating. 
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In the steam system the proposition is very much simpli- 
fied. The exhaust steam passes througrh one or nnore oil 
separating: devices and is then piped directly to the header 
leading: to the outgroingr main. Occasionally a connection is 
made from this line to a condenser, such that the steam, 
when not used in the heating: system, may be run directly 
to the condenser. These pipe lines, of course, are all prop- 
erly valved so that the current of steam may easily be de- 
flected one way or the other. In addition to this exhaust 
steam supply, live steam is provided from the boiler and 
enters the header througrh a pressure reducing" valve. In 
any case when the exhaust steam is insufficient the supply 
may be kept constant by automatic regulation on the reduc- 
ing: valve. 

In selecting between hot water and steam systems the 
preference of the eng:ineer is very larg:ely the controlling 
factor. The preference of the engineer, however, should be 
formed from facts and conditions surrounding the plant, and 
should not come from mere prejudice. The following points 
are some of the important ones to be considered: 

First cost of plant installed. — This is very much in favor of 
the steam system in all features of the power plant equip- 
ment, the relative costs of the conduit and the outside work 
being very much the same in the two systems. 

Cost of operation. — This is in favor of the hot water sys- 
tem because of the fact that the steam from the engines 
may be condensed at or below atmospheric pressure, while 
the exhausts from the engines in the steam systems must 
be carried from five to fifteen pounds gage, which naturally 
throws a heavy back pressure upon the engine piston. 

Pressure in circulati7ig mains. — This is in favor of the steam 
system. The pressure in any steam radiator will be only 
a few pounds above atmosphere, while in a hot water sys- 
tem, connected to high buildings, the pressure on the first 
floor radiators near the level of the mains becomes very 
excessive. The elevation of the highest radiator in the 
circuit, therefore, is one of the determining factors. 

Regulation. — It is easier to regulate the hot water system 
without the use of the automatic thermostatic control, since 
the temperature of the water is maintained according to a 
local schedule which fits all degrees of outside temperature. 



DISTRICT HEATING 279 

When automatic control is applied, this advantag'e is not so 
marked. 

Returning the water to the power plant. — In most steam plants 
the water of condensation is passed through indirect heaters 
to remove as much of the remaining- heat as possible and 
is then run to the sewer. This procedure incurs a consider- 
able loss, especially in cold weather when the feed water 
at the power plant is heated from low temperatures. • This 
point is in favor of the hot water system. 

Estimating charges for heat. — This is in favor of the steam 
system since, by meter measurement, a company is able to 
apportion the charges intelligently. The flat rate charged 
for water heating and for some steam heating is in many 
cases a decided loss to the company. 

160. Conduits t — In installing conduits for either hot 
water or steam systems the selection should be made after 
determining, first, its efficiency as a heat insulator; second, 
its initial cost; third, its durability. Other points that must 
be accounted for as being very essential are: the supporting, 
anchoring, grading arid draining of the mains; provision for 
expansion and contraction of the mains; arrangements for 
taking off service lines at points where there is little move- 
ment of the mains; and the draining of the conduit. 

Some conduits may be installed at very little cost and 
yet may be very expensive propositions, because of their in- 
ability to protect from heat losses; while, on the other hand, 
some of the most expensive installations save their first 
cost in a couple of years' service. Many different kinds of 
insulating materials are used in conduit work such as mag- 
nesia, asbestos, hair felt, wool felt, mineral wool and air cell. 
Each of these materials has certain advantages and under 
certain conditions would be preferred. It is not the real 
purpose here to discuss the merits of the various insulators, 
because the quality of the workmanship in the conduit en- 
ters into the final result so largely. The different ways that 
pipes may be supported and insulated in outside service will 
be given, with general suggestions only. Figs. 157 and 158 
show a few of the many methods in common use. A very 
simple conduit is shown at A. This is built up of wood sec- 
tions fitted end to end, covered with tarred paper to prevent 
surface water leaking in and bound with straps. The pipe 
either is a loose fit to the bore and rests upon the inner sur- 
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face, or is supported on metal stools, driven into the wood or 
merely resting: upon it. Stools hold the pipe concentric with 
the inner bore of the log. With much end movement of the 
pipe, from expansion and contraction, stools should not be 
used unless they are loose and have a wide surface contact 
with the wood. A metal lining: with the pipe resting di- 
rectly upon it is considered grood. The conduit is laid to a 
grood straig^ht run in a grravel bed and usually over a small 
tile drain to carry off the surface water, excepting as this 
drain is not necessary in sections where there is good gravel 
drainage. The insulation in A is only fair. The air space 
around the pipe, however, is to be commended. B is an 
improvement over A and is built up of boards notched at 
the edges to fit together. The materials used, from the 
outside to the center, are noted on the sketch beginning 
with the top and reading down. This covering is in general 
use and gives good satisfaction from every standpoint. C 
shows a good insulation and supports the pipe upon rollers 
at the center of a line of halved, vitrified tile. The lower 
half of the tile should be graded and the pipe then run 
upon the rollers, after which it may be covered with some 
prepared covering and the remaining space next the tile 
filled with asbestos, mineral wool or other like material. D 
shows the same adapted to basement work. Occasionally two 
pipes are run side by side, main and return, in which case 
large halved tiles may be used as in E, having large metal 
supports curved on the lower face to fit the tile. If these 
supports are not desired the same kind of straight tiles 
may be used with a tee tile inserted every 8 to 12 feet 
having the bell looking down as in F. In this bell is built 
a concrete setting with iron supports for the pipes which run 
on rollers. These rollers are sometimes pieces of pipes cut 
and reamed, but are better if they are cast with a curvature 
to fit the pipes to be supported. This form of conduit, when 
drained to good gravel, gives first-class service. O, H and / 
show box conduits with two or more thicknesses of % inch 
boards nailed together for the sides, top and bottom. The 
bottom of the conduit is first laid and the pipe is run. The 
sides are then set in place and the insulating material put 
in, after which the top is set and the whole filled in. T shoWs 
the best form of box, since with the air spaces this is a 
very good insulator. All wood boxes are very temporary. 
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hence, brick and concrete are usually preferred. JS: is a 
conduit with 8 inch brick walls covered with flat stones or 
halved grlazed tiles cemented to place to protect from sur- 
face leakagre. The bottom of the conduit has supports built 
in every 8 to 12 feet, and between these points the conduit 
drains to the gravel. The usual rod and roller here serve 
as pipe supports. The pipe is covered with sectional cover- 
ing and the rest of the space may or may not be filled with 
wool or chips, as desired. L shows the sectional covering 
omitted and the entire conduit filled with mineral wool, hair 
felt or asbestos. M has the supporting rod built into the 
sides of the conduit and has the bottom of the conduit 
bricked across and cemented to carry the leaks and drainage 
to some distant point. 1^ shows a concrete bottom with 
brick sides, having the pipe supported upon cast iron stand- 
ards. The latest conduit has concrete slabs for bottom and 
sides and has a reinforced concrete slab top. This comes as 
near being permanent as any, is reasonable in price, and 
when the interior is filled with good non-conducting ma- 
terial, or when the pipe is covered with a good sectional 
covering, it gives fairly high efficiency. 

All conduit pipes should be run as nearly uniform in 
grade as possible to avoid the formation of air and water 
pockets. Any unusual elevation in any part of the main 
may require an air vent being placed at the uppermost point 
of the curve, otherwise air may collect in such quantities as 
to retard circulation. All low points in the steam lines must 
be drained to traps. 

The heat loss from conduits is an item of considerable im- 
portance. A good quality of materials and insulation will 
probably reduce this loss as low as 20 to 25 per cent, of the 
amount lost from the bare pipe. To show the method of 
analysis and to obtain an estimate of the average conduit 
losses, the following application will be made to a supposed 
two-pipe hot water system. The loss of heat in B. t. u. per 
lineal foot from any pipe per hour may be taken from the 
equation 

TTr - KCA (f — /') (90) 

where K =: rate of transmission for uncovered pipes, C = 100 
per cent. — efficiency of the insulation, A = area of pipe sur- 
face per lineal foot of pipe, t = average temperature on the 
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inside of the pipe and *' = average temperature on the out- 
side of the conduit. 

Application. — Having given a system of conduit pipes 
(two pipes in one conduit) with sizes and lengths as stated 
in the first and second columns of Table XXXVI, what is the 
probable heat loss in B. t. u. per hour on a winter day and 
what is the radiation equivalent in a hot water system car- 
rying water at an average temperature of 170 degrees? 

TABLE XXXVI, 



, 


Total Uneal 


Surface per 


B. t. u. per hr. 


Equivalent 


Pipe size 


feet of main 


foot of length 


per lineal foot 


no. of sq. ft. 


Incties 


and return 


A 


He 


of H. W. Bad. 


2 


5000 


.62 


48.8 


1435 


3 


2000 


.91 


71.6 


843 


4 


300O 


1.06 


83.4 


1472 


6 


3000 


1.73 


137.1 


2420 


8 


2ooa 


2.26 


177.9 


2093 


10 


2000 


2.83 


221.9 


2611 


12 


2000 


3.33 


282.0 


3082 


14 


1000 


4.00 


314.8 


1852 


Totals. B. t 


. u. lost per ho 


ur 26S7100 




15807 



If K = 2.25, C = 100 — 75 = 25 per cent., t = 175 and 
t' = 35, we have for a 2-inch pipe, He = 2.25 X .25 X -62 X 
140 = 48.8, which for 5000 lineal feet = 244000 B. t. u., and 
for the entire system, 2687100 B. t. u. If each square foot of 
hot water radiation gives off 170 B. t. u. per hour then the 
radiation equivalent for the 2-inch pipe is 244000 't- 170 = 
1435 square feet. Similarly work out for each pipe siKe and 
obtain the values given in the last column of the table. This 
conduit loss is sufficient to heat 15807 square feet of radia- 
tion in the district. In terms of the coal pile it approxi- 
mates 350 pounds per hour. Now assuming the 14 Inch main 
to supply the entire district at a velocity of 6 feet per second 
we have approximately 162000 square feet of H. W. surface 
on the line. From this the line loss is 15807 -r- 162000 = ^-^ 
per cent. It should be remembered that the above assumes 
the plant working under a heavy load, when the per cent. 
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is a minimum. This loss remains fairly constant 
eat utilized in the district fluctuates greatly. In 
tr, ^therefore, the per cent, of line loss to the total 
litted is much greater. 

lyout of Street Mains and Conduits t — No definite 
can be given concerning the layout of street 
use the requirements of each district would call 
dent consideration. The following general sug- 
owever, can be noted as applying to any hot 
earn system: 

o he used, — Avoid the principal streets in the city, 
hose that are paved; alleys are preferred because 
mum cost of installation and repairs. 

of the mains. — Do not cut the main trunk line for 
ore often than is necessary. Provide occasional 
es between the main branches at the most ira- 
Lnts in the system, so that, if repairs are being 
y one line, the circulation beyond that point may 
through the by-pass. Such by-pass lines should 
nd used only in case of emergency. 

ind expansion joints. — Offsets in the lines hinder the 
lent of the water and add friction head to the 
ice, in >vater systems, the number should be re- 
minimum. Long radius bends at the corners re- 
'riction. Offsets are especially valuable to take 
ansion and contraction of the piping w^ithout the 
nsion joints. This is illustrated in Fig. 159, where 
e placed at A, and the gradual bending of the 
ich corner makes the necessary allowance. The 
in wrought iron is about .00008 inch per foot per 
J in temperature; hence in a hot water main the 
nsion between 0° and 212° is .017 inch per foot of 
1.7 inches for each 100 feet of straight pipe. In 
heating systems the temperature of this pipe 
sr be less than 50°, which would cause an expan- 
tiot to cold of only .013 inch per foot, or 1.3 inches 
00 feet of straight pipe. In steam systems the 
erature may vary anywhere from 50° to 300°, 
ineal expansion of .02 inch per foot of length or 2 
each 100 feet of straight pipe. As here shown the 
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movement from the anchor 
at A toward B may be ab- 
sorbed by the swingrlngr of the 
pipe about O. B.B. should 
therefore be as longr a.s possi- 
ble to avoid unduly straining: 
the pipe at the joints. Allow- 
ing a maximum movement of 
6 inches for each expansion 
Joint, the anchors would be spaced 500 and 300 feet center 
to center respectively, for hot water and steam mains. These 
figures would seldom be exceeded, and in some cases w^ould 
be reduced, the spacing: depending upon the type of expan- 
sion Joint used. Ordinarily, 400 feet spacing can be recom- 
mended for hot water and 300 feet for steam. If th« city 
layout meets this value fairly well, then the expansion Joints 
and anchors may be made to alternate with each other, one 
each to. every city block. 

A few of the expansion Joints in common use are shown 
in Fig. 160. A is the old slip and packed Joint. This joint 
causes very little trouble except that it needs repacking 
frequently. It is very effective when properly cared for. 
The slip Joint should have bronze bearings on both the 
outside of the plug and the lining of the sleeve. The ends 
of the plug and sleeve may be screwed for small pipes, or 
flanged for large ones. B shows an improved type of slip 
Joint, having a roller bearing upon a plate in the bottom 
of the conduit, and plugs bearing against metal plates along 
the sides of the conduit to keep it in line. C and D show 
other slip Joints very similar to A and B. C has one ball 
and socket end to adjust the Joint to slight changes in the 
run of the pipe, and D has two packings enclosing the plug 
to give it rigidity. The drainage in each case is taken off 
at the bottom of the casting. K has two large flexible disks 
fastened to the ends of the pipe and separated from each 
other by an annular ring casting. These disks are frequently 
corrugated, are usually of copper and are very large in 
diameter so that the pipe has considerable movement with- 
out endangering the metal in the disks. F has a corrugated 
copper tube fastened at the ends to the pipe flanges. This 
is protected from exce.s.sive internal pressure by a straight 
tube having a sliding fit to the inside of the flanges, thus 
allowing for end movement. O is very similar to E. It has, 



DISTRICT HEATING 



287 




t 



-HTMu 



c::?. 



"nilr 




B 








£ 



rf R»...Jw3WiW^^in.u i It 



ilRHP 



M """ ' ^< > |uiji »r 



3 




- ;4V — ' ' 







Fig. 160. 



288 . HEATING AND VENTILATION 

however, only one copper disk. This disk is enclosed In a 
cast iron casement, one side ol which is open to the al- 
mosphere, the other aide having the same pressure as within 
the pipe. II is very similar to E, having tvfo copper dia- 
phragms to'take up the movement. These diaphragms ftcx 
over rings with curved edgea and are thus protected some- 
what against failure. / shows a copper U tube which Is 
sometimes used. This Is set In a horizontal position and the 
expansion and contraction Is absorbed by bending the loop. 
In all these joints those which depend upon the bending of 
the metal require little attention except where complete 
rupture occurs. In old plants, however, the rupturing of 
these diaphragms Is of frequent occurrence. The packed 
Joint requires attention for packing several times In the 
year, but very seldom causes trouble other than this. 

Aiichora. — In any long run of pipe, where the expansion 
and contraction of the pipe causes it to shltt Its position 
very much. It Is necessary to anchor the pipe at Intervals so 
as to compel the movement toward certain desired points. 
The anchor is sometimes combined with the expansion Joint, 
In which case the conduit work is slmplifled (See Fig:. 161). 

Service pipes to residences are preferably taken att at 
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or near the anchors. All condensation drains in steam mains 
are likewise taken off at such points. 

Yalvea. — ^All valves on water systems should be straight- 
way gate valves. Valves on steam systems should be gate 
valves on lines carrying condensation, and may be renewable 
seat globe valves on the steam lines. Valves should be 
Placed on the niain trunk at the power plant, on all the prin- 
cipal branch mains as they leave the main trunk, on all 
by-pass lines, on all the service mains to the houses, and at 
such important points along the mains as will enable certain 
portions of the heating district to be shut off for repairs 
without cutting out the entire district. 

Manttole$. — Manholes are placed at important points along 
the line to enclose expansion joints and valves. These man- 
holes are built of brick or concrete and covered with iron 
plates, flag atones, slate or reinforced concrete slabs. Care 
must be exercised to drain these points well and to have the 
covering strong enough to sustain the superimposed loads. 

1G2. Typical Deslgrn 'for Considerations — In discussing 
district heating, each important part of the design work will 
be made as general as possible and will be closed by an 
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application to the following concrete example which refers 
to a certain portion of an imagrinary city (Pig. 162) as avail- 
able territory. A city water supply and lighting plant is 
located as shown, with lighting and power units aggregat- 
ing 475 K. W., city water supply pumps aggregating 3000000 
gallons maximum capacity, and smaller pumps req>uiring ap- 
proximately 15 per cent, of the amount of steam used by 
the larger lighting units. It is desired to re-design this 
plant and to add a district heating system to it; the same to 
have all the latest methods of operation and to be of such a 
size as to be economically handled. Fig. 169 shows the es- 
sential details of the finished plant. 

1G3. Electrical Output and ESxhanat Steam Available for 
Heatingr Purposes from the Power TJnitMt — In the operation 
of such a plant, one of the principal assets is the amount of 
exhaust steam available for heating purposes. The amount 
may be found for any time of the day or night by construct- 
ing a power chart as in* Fig. 163, and a steam consumption 
chart as in Fig. 164. Referring to Fig. 163, the values here 
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given are assumed, for illustration, to be those recorded at 
the switchboard of the typical plant on a day when heavy 
service is required. The curves show that the 75 K, W. unit 
runs from 12 P. M. to 7 A. M. and from 6 P. M. to 12 P. M. 
with an output of 25 A'. W. It also runs from 7 A. M. to 10 A. 
M. and from 4 P. M. to 6 P. M. under full load. The 150 A'. IF. 
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unit runs from i A. M. to 7 A. M, wtth an < 
and then increaaes to 
when It 18 shut down. The 250 K. W. unit is started up at 7 
A, M. and runs until 6 P. M. under lull load, when the load 
drops ofE to 150 E. W. and continues until 10 P. M. when the 
unit is shut down, leaving only the 7S iT. IF. unit running. 
The heavy sqlld line shows all the power curves superlm- 
Woaed one upon the other. Having- given the K. W. output, 
ihe general equation for determining the horse-power of the 
en Sines Is 

K. W. X 1000 

/. a. P. = (91) 

7<6 X E X £■ 
where f and E' are the efticieneies of the generator atid en- 
Sine respectively. If we assume the efficiency of the gener- 
ator to be 90 per cent., and that of the engine to be 92 per 
tent., then Equation 91 becomes 

K. W. X 1000 

/. M. P. = —  ^ approx, 1.62 K. W. (93) 

74« X .90 X .92 
Assuming that the 2B0 K. W. unit consumes 24 pounds, the 
150 K, W. unit 82 pounds, and the 76 K. W. unit 32 pounds of 
steam per /. H. P. hour respectively, when running under 
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normal loads, the total steam consumed in the three units 
at any time is shown by the lower curve in Fig. 164. The 
upper curve shows the 15 per cent, added allowance for 
smaller units not included in the above list. The values 
assumed for efficiencies and the values for steam consump- 
tion are reasonable and may be used if a more exact figrure 
is not to be had. 

It will be seen that the maximum steam consumption in 
the g-enerating: units in the power plant is 23100 pounds per 
hour and the minimum is 1490 pounds per hour. These two 
amounts, together with the exhaust steam from the circu- 
lating' pumps on the heating system, if a hot water system 
is installed, and that from the pumps in the city water 
supply, will determine the capacity of the exhaust steaixi 
heaters on the hot water supply arid the capacity of the 
boilers or economizers to be used as heaters when the 
exhaust steam is deficient. 

164. Amount of Heat Available for Heatlngr Purposes 
in Exhaust Steam, Compared ivltli That in Saturated Steam 
at the Pressure of the Exhausts — To study the effect of ex- 
haust steam upon heating* problems and to determine, if 
possible, the theoretical amount of heat g-iven oflC with the 
exhaust steam under various conditions of use, make several 
applications: first, to a simple high speed non-condensing- 
engine using saturated steam; second, to a compound Corliss 
non-condensing engine using saturated steam; third, to the 
first application when superheated steam is used instead of 
saturated steam; and fourth, to a horizontal reciprocating: 
steam pump. Assume the following safe conditions. Case 
one — boiler pressure 100 pounds gage; pressure of steam 
entering cylinder 97 pounds gage; quality of steam at 
cylinder 98 per cent.; steam consumption 34 pounds per 
indicated horse-power hour; one per cent, loss in radiation 
from cylinder; and exhaust pressure 2 pounds gag-e. Case 
two — boiler pressure 125 pounds g^age; .pressure at high 
pressure cylinder 122 pounds gage; quality of steam enter- 
ing high pressure cylinder 98 per cent.; steam consumption 
22 pounds per indicated horse-power hour; 2 per cent, loss 
in radiation from cylinders and receiver pipe, and exhaust 
pressure 2 pounds gage. Case three — same as case one with 
superheated steam at 150 degrees of superheat. Case four — 
as stated later. 
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The number of B. t. u. exhausted with the steam, in 
any case, is the total heat in the steam at admission, minus 
the heat radiated from the cylinder, minus the heat ab- 
sorbed in actual work in the cylinder. 

High speed engine. Case one. — ^Let r = heat of vaporiza- 
tion per pound of steam at the stated pressure, x = quality 
of the steam at cut-off, q = heat of the liquid in the steam 
per pound of steam, and W» = pounds of steam per indicated 
horse-power hour. From this the total number of B. t. u. 
entering the cylinder per horse-power hour is 

Total B. t. u. = TT. (a?r + q) (93) 

From Table i, r = 881, x = .98 and q = 307; then if W« = 34, 
initial B. t. u. = 34 (.98 X 881 + 307) = 39792.92. Deducting 
the heat radiated from the cylinder we have 39792.92 X .99 = 
39395 B. t. u. per horse-power left to do work. The B. t. u. 
absorbed in mechanical work (useful work + friction) in 
the cylinder per horse-power hour is (33000 X 60) -r- 778 = 
2545 B. t. u. Subtracting this work loss we have 39395 — 
2545 = 36850 B. t. u. given up to the exhaust per horse-power 
hour. Comparing this value with the total heat in the same 
weight of saturated steam at 2 pounds gage, we have 
100 X 36850 -^ (34 X 1152.8) = 94 per cent. 

Compound Corliss engine. Case two. — ^With the same terms 
as above let r = 869, x = .98, q = 322.8, and Ws = 22, then 
the initial B. t. u. = 22 (.98 X 869 + 322.8) = 25837. Less 
2 per cent, radiation loss = 25837 X .98 = 25321 B. t. u. 
The loss absorbed in doing mechanical work in the cylinder 
per horse-power is, as before, 2545 B. t. u. Subtracting this 
we have 25321 — 2545 = 22776 B. t. u. given up to the ex- 
haust per horse-power hour. Comparing as before with 
saturated steam at 2 pounds gage, we have 100 X 22776 — 
(22 X 1152.8) = 90 per cent. 

Case three. — Now suppose superheated steam be used in 
the first application, all other conditions being the same, 
the steam having 150 degrees of superheat, what difference 
will this make in the result? The total heat entering the 
cylinder now is the total heat of the saturated steam at 
the initial pressure plus the heat given to it in the super- 
heater. Let Op = specific heat of superheated steam and 
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td = the degrees of superheat, then the total heat of the 
superheated steam is 

Total B. t. u. (sup.) = Ws (xr + q + Cptd) (94) 

This for one horse-power of steam (34 pounds), if the 
specific heat of superheated steam is .54, will be 34 X -99 X 
(1188 + .54 X 150) = 42714.5 B. t. u. and the heat turned 
into the exhaust will be 42714.5 — 2545 = 40169.5 B. t. u. 
Comparing this with the heat in saturated steam at 2 pounds 
gage, we have 100 X 40169.5 -f- (34 X 1152.8) =r 102 per cent. 

Case four. — Pump exhausts are sometimes led into the 
supply and used for heating purposes along with the engine 
exhausts. If such conditions be found, what is the heating: 
value of such steam? Assume the live steam to enter the 
steam cylinder of the pump under the same pressure and 
quality as recorded for the high speed engine. The steam 
is cut off at about % of the stroke and expands to the end 
of the stroke. With this small expansion the absolute 
pressure at the end of the stroke will be approximately 
% X 112 = 98 pounds, and if enough heat is absorbed from 
the cylinder wall to bring the steam up to saturation at 
the release pressure, we will have a total heat above 32 
degrees, in the exhaust steam per pound of steam at 98 
pounds absolute, of 1186 B. t. u. Comparing this, with a 
pound of saturated steanl at 2 pounds gage, we have 
100 X 1186 — 1152.8 r= 103 per cent. Under the conditions 
such as here stated with a high release pressure, a small 
expansion of steam in the cylinder and dry steam at the 
end of the stroke, it is possible to suddenly drop the pressure 
from pump release to a low pressure, say 2 pounds gage, 
and have all the steam brought to a state approaching 
superheat. It is not likely, however, that the steam is dry 
at the end of the stroke in any pump exhaust, because the 
heat lost in radiation and in doing work in the slow moving 
pump would be such as to have a considerable amount of 
entrained water with the steam, thus lowering the quality 
of the steam. These above conditions are extreme and are 
not obtained in practice. 

From cases one and two it would appear that the 
greatest amount of heat that can be expected from engine 
exhausts, for use in heating systems at or near the pres- 
sure of the atmosphere, is 90 to 94 per cent, of that of 
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saturated steam at the same pressure. The percentage will, 
in most cases, drop much below this value. All things con- 
sidered, exhaust steam having 80 to 83 per cent, of the value of 
saiurated steam at the same pressure is probably the safest rating 
icJien calculating the am,ount of radiation which can be supplied by 
the engines. In many cases no doubt this could be exceeded, 
but it is always best to take a safe value. On the other hand, 
when figuring the amount of condenser tube surface or reheater tube 
surface to condense the steam, it would be best to take exhaust steam 
at 100 per ceni. quality, since this would be working toward 
the side of safety. 

In plants where the exhaust steam is used for heating 
purposes and where the amount supplied by direct acting 
steam pumps is large compared with that supplied by the 
power units, it is possible to have the quality of the ex- 
hausts anywhere between 800 and 1000 B. t. u. per pound 
of exhaust. It should be understood that saturated steam 
at any stated pressure always has the same number of 
B. t. u. in it, no matter whether it is taken directly from 
the boiler, or from the engine exhaust. A pound of the 
mixture of steam and entrained water, taken from engine 
exhausts, should not be considered as a pound of steam. 
If we are speaking of a pound of exhaust steam without 
the entrained w^ater as compared with a pound of saturated 
steam at the same pressure, they are the same, but a pound 
of engine exhaust or mixture is a different thing. 

HOT WATER SYSTEMS. 

168. Pour General Classifications of hot water heating 
may be found in current work, two applying to the conduit 
piping system and two to the power plant piping system. 
The first, known as the one-pipe complete circuit system, is shown 
in Pig. 165. It will be noticed that the water leaves the 
power plant and makes a complete circuit of the district, 
as A, B, C, D, E, F, O, through a single pipe of uniform 
diameter. From this main are taken branch mains and 
leads to the various houses, as a, b, c and d, e, each one 
returning to the principal main after having made its own 
minor circuit. The second is known as the tvoo-pipe high 
pressure system, in which two main pipes of like diameter 
laid side by side in the same conduit, radiate from the power 
plant to the farthest point on the line reducing in size at 
certain points to suit the capacity of that part of the district 
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served. This system Is represented by Pig. 166. In the 
one-pipe system the circulation in the various residences is 
maintained, in part, by what is known as the shunt system, 
and in part, by the natural gravity circulation. The circu- 
lation in the two-pipe system is maintained by a high 
differential pressure between the main and the return at 
the same point of the conduit. The force producing move- 
ment of the water in the shunt system is, therefore, very 
much less than in the two-pipe system. As a consequence. 
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Fig. 166. 
the one-pipe system has a lower velocity of the water in the 
houses and larger service pipes than the two-pipe system. 

In many cases it is desired to connect central heating 
mains to the low pressure hot water systems in private 
plants. Such connections may easily be made with either 
one of the two systems by installing some minor pieces 
of apparatus for controlling the supply. 

The third and fourth classifications, the open and closed 
systems, have about the same meaning as when applied to 
gravity work in isolated plants. The first is open to the 
atmosphere at some point along the circtilating system, 
usually at the expansion tank which is placed on the return 
line just before the circulating pumps. The closed system 
presupposes some form of regulation for controlling exces- 
sive or deficient pressures without the aid of an expansion 
tank. In such cases pumps with automatic control may be 
used for taking care of the reserve supply of water. In the 
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open system the exhaust steam may be Injected directly into 
the return circulating: water by the use of an open heater 
or a com-mingrler. The open heater and com-mingler cannot 
be used on the pressure side of the pumps. Surface con- 
densers or reheaters, heating boilers and economizers may 
be used on either open or closed systems. 
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166. Amoitnt of Water Needed per Hour am a Heating: 
Medimn: — ^All calculations must necessarily begin with the 
heat lost at the residence. Referring to the living room, 
Table XX, the heat loss is 15267 B. t. u. per hour, requiring 
91 square feet of hot water heating surface to heat the 
room. Let the circulating water have the following temper- 
atures: leaving the power plant 180°, entering the radiator 
177°, leaving the radiator 157", and entering the power 
plant 155**. According to these figures, which may be con- 
sidered fair average values, the water gives off to the 
radiator 20 B. t. u. per pound or 166.6 B. t. u. per gallon, thus 
requiring 15267 -J- 166.6 i= 91 gallons of water per hour to 
maintain the room at a temperature of 70*. From this a 
safe estimate may be given for design, allow one gallon of 
woter per hour for each square foot of hot vxiter heating surface in 
t\e district. In a plant operating under high efficiency this 
^^y be reduced to 6 pounds per square foot per hour. It is 
very certain that some plants are designed to supply less 
than one gallon, but in such cases it requires a higher tem- 
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perature of the circulatiner water and allows little chance 
for future expansion of the plant. A drop of 20 degrrees, 
i. e., 20 B. t. u. heat loss per pound of water passing: througrh 
the radiator, is probably the most satisfactory basis. All 
thinsrs considered, the above italicised statement will satisfy 
every condition. (See Art. 173). Having the total number 
of square feet of radiation in the district, the total amount 
of water circulated through the mains per hour can be 
obtained, after which the size of the pumps in the power 
plant may be estimated. 

167. Radiation In the District: — The amount of radia- 
tion that may be installed in the district is problematical. In 
an average residence or business district the following: fig- 
ures may easily be realized: business block, 9000 square feet; 
residence block, JfoOO square feet. In certain locations these fig- 
ures may be exceeded and in others they may be reduced. 
Where the needs of the district are thoroughly understood a 
more careful estimate can easily be made. It is always well 
to make the first estimate a safe one and any possible in- 
crease above this figure could be taken care of as in Art. 
166. Referring to Fig. 162, an estimate of the amount of 
radiation that may be expected in this typical case, if ive 
assume ten business blocks and twenty-one residence blocks, 
is 184500 square feet. This will call for the circulation of 
184500 gallons of water per hour. 

168. Future Increase In Radiation: — From the tempera- 
tures given in Art. 166, it will be seen that each pound of 
water takes on 25 B. t. u. at the power plant and that there 
is a possible increase of 212 — 180 = 32 B. t. u. per pound 
that may be given to it, thus increasing the capacity of the 
system approximately 125 per cent. It would not be safe to 
count on such an increase in the average plant because of a 
defective layout in the piping system or because of a low 
efficiency in some of the pumps or other apparatus in the 
plant. If, however, a plant is installed according to the 
above figures, the capacity may be quite materially increased 
by increasing the temperature of the outgoing water at the 
plant to 212^ 

160. The Pressure of the Water In the Mains t — The ele- 
vation above the plant at which a central station can supply 
radiation is limited. Water at 180' will weigh 60.55 pounds 
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per cubic foot, and the pressure caused by an elevation of 1 
foot is .42 pound per square inch. From this the static pres- 
sure at the power plant, due to a hydraulic head of 100 feet, 
is 42 pounds per square inch. This value should not be ex- 
ceeded, and generally, because of the influence it has on the 
machines and pipes toward producing- leaks or complete 
ruptures, a less head than this is desirable. A static pres- 
sure of 42 pounds may be expected to produce, in a well de- 
signed plant, an outflow pressure of 65 to 75 pounds per 
square inch and a return pressure of 15 to 20 pounds per 
square inch, when working under fairly heavy service. In 
any case where the mains are too small to supply the radia- 
tion in the system properly, we may expect the value given 
for the outflow to increase and that for the return to de- 
crease. A safe set of conditions to follow is: head, in feet, 
60; static pressure, in pounds per square inch, 25; outgoing 
pressure at the pumps, in pounds per square inch, 50; return 
pressure at the pumps, in pounds per square inch, 5. This 
differential pressure of 45 pounds is caused by the friction 
losses in the piping system, pumps and heaters. Long pipe 
systems, as these are called, have much greater friction losses 
in the long runs of piping than in the ells, tees, valves, etc., 
hence, the friction head of the pipes is all that is usually 
considered. Where the minor losses are thought to be large, 
they may be accounted for by adding to the pipe loss a 
certain percentage of itself, say 10 to 20 per cent. Pump 
power is figured from the differential pressure. 

The maximum and minimum pressures in the system are 
due to two causes: first, the static head, and second, the 
frictional resistances. These extremes of pressure are ap- 
proximately — static hea4, plus (or minus) one-half the frictiorial 
resistances. To obtain the frictional resistances, Chezy's 
Equation 95, is recommended. See Merriman's "A Treatise 
on Hydraulics," Arts. 86 and 100, and Church's "Mechanics 
of Engineering," Art. 519. 

407 t;2 

^f = X — (95) 

d 2g 

where hf = feet of head lost in friction, = friction factor 
(synonymous with coefficient of friction. For clean cast 
iron pipes with a velocity of 5 to 6 feet per second this 
has been found to vary from .0065 to .0048 for diameters 
between 3 and 15 inches respectively. .005 is suggested as 
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a safe averagre value to use), I = lenirth of pipe in feet. 
V = velocity of water In feet per second, d — diameter 
of pipe in feet and 2g =z 64.4. 

Application. — In Fig. 166, let it be desired to find the 
differential pressure at the pumps due to the friction losses 
in the line A, B, C, D, E. The lengths of the various parts 
are: power plant to A, 200 feet; A to B, 500 feet; B to C, 
1500 feet; C to D, 1500 feet; and D to E, 500 feet. Assume, 
for illustration, that the total radiation in square feet 
beyond each of these points is: power plant, 125000; A, 85000; 
B, 50000; C, 28000; and D, 12000. This requires 125000, 85000. 
50000, 28000 and 12000 gallons of water per hour, or 4.74, 
3.27, 1.75, 1 and .44 cubic feet of water per second, respec- 
tively, passing these points. Now, if the velocities be 
roughly taken at 6 and 5 feet per second, (pipes near the 
power plant may be given somewhat higher velocities than 
those at some distance from the plant), the pipes will be 12, 
10, 8, 6 and 4 inches diameter. In applying the equation to 
one part of the line we show the method employed for each. 
Take that part from the power plant to A. With c = 6 

4 X .005 X 200 X 36 

hf = =2.2 feet. 

64.4 X 1 

It should be noted here that Equation 95 refers to pipes 
where all the water that enters at one end pa^asea om the other. 
This is not true in heating mains where a part of the -water 
is drawn oft at intermediate points. On the other hand, 
Merriman (Art. 99) explains that a water service main, w^here 
the water is all taken off from intermedite tappings and where 
the velocity at the far end ia zero, causes only one-third of the 
friction given by the above equation. The case under con- 
sideration falls somewhere between these two extremes, the 
part next the power plant approaching the former and the 
last part of the line exactly meeting the conditions of the 
latter. Assuming the mean of these two conditions, which 
is probably very close to the actual, gives two-thirds of that 
found by the equation. Now since this is a double main 
system, i. e., main and return of the same size, the friction 
head for the two lines becomes 2.94 feet, from the power 
plant to A. In a similar way the other parts may be tried 
and the results from the entire line assembled In convenient 
form as in Table XXXVII. 
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TABLE XXXVII. 



Distance between points 

Radiation supplied 

Volume of water passing 

point in cu. ft. per sec 

Velocity f. p. s 

Area of pipe sq. ft 

Diam. of pipe in ft 

hf by (73) for flow main.... 

hf (taking % value) 

Ar (% val. flow and return) 



P.P. 


AtoB 


BtoC 


CtoD 


to A. 








200 


500 


1500 


1500 


125000 


85000 


50000 


28000 


4.74 


3.27 


1.75 


1. 


6 


6 


5 


5 


.79 


.545 


.35 


.20 


1 


.83 


.66 


.5 


2.2 


6.7 


17.4 


23.3 


1.47 


4.47 


11.6 


15.5 


2.04 


8.04 


23.2 


31.0 



DtoE 



500 
12000 

.44 
5 

.087 
.33 

11.7 
7.8 

15.6 



From the last line of the table obtain the total friction 
head for both mains, not including ells, tees, valves, etc., 
to be 81.6 feet. This is equivalent to 34.3 pounds per square 
inch. Allowing 20 per cent, of all the line losses to cover 
the minor losses we have approximately 40 pounds differen- 
tial pressure, which is a reasonable value. 

Another approximate method of analyzing this problem is to 
assume the amount of water passing any run of main to be 
the total requirement beyond the run plus one-half of that 
amount taken off through the tappings along the run and 
estimate the friction head from this figure. This plan will 
call for the full value of Equation 95 and not the two-thirds 
value as before. As an illustration, allowing one gallon of 
water per square foot of radiation per hour, approximately 
125000 gallons pass from P. P. to A. Some of this is taken 
off in tappings and the rest of 40000 is taken off through the 
branch main. 85000 pass A and 35000 are taken off through 
the tappings to B. 50000 pass B and 22000 are taken off 
through tappings to C. 28000 pass C and 16000 are taken off 
to D. 12000 pass D and all are taken through tappings to E, 
the end of the line. 

The amount of water chargeable to each run will be: 
P. P. to A, 1^5000, A to B, 50000 + 35000 -r- 2 = 67500, B to C, 
28000 -f 22000 -i- 2 = 39000, C to D, 12000 -f 16000 -^ 2 = 
20000, and from D to E, 12000 -i- 2 = 6000 gallons per hour. 
Reduced to cu. ft. per sec, this is P. P. to A, 4.7, A to B, 2.5, 
B to C, 1.44, G to Z), .74, and 7) to E, .44. 
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For purpose of comparing: with preceding method, vol- 
umes, velocities, pipe sizes (the same as in Table XXXVII) 
and friction heads are shown in Table XXXVIII. 



TABLE XXXVIII. 



Volume passing through section, 
cu. ft. per sec. - 

Average velocity in f . p. 8._ 

Area of pipe in sq. ft. 

Diam. of pipe in ft 

hf by (95) flow and return 



PPto 

A' 


AtoB 


BtoC 


CtoD 


4.7 


2.5 


1.44 


.74 


6 


4.6 


4.1 


3.7 


.79 


.545 


.35 


.20 


1 


.83 


.66 


.5 


4.4 


2.34 


23.6 


25.6 



D to K 

.44 
5. 
.067 
.33 
23.4 



Total friction head = 79. 34 ft. not including ells, tees, valves, etc. 

170. Velocity of the Water in tbe Mains and the Dia- 
meter of the Mains: — The district is first chosen and the 
layout of the conduit system is made. This is done inde- 
pendently of the sizes of the pipes. When this layout is 
finally completed, the pipe sizes are roughly calculated for 
all the important points in the system and are tabuIcLted 
in connection with the friction losses for these parts, as 
in Art. 169. When this is done, Equation 96, which is rec- 
ommended to be used in connection with Equation 95,nia3r be 
applied and the theoretical diameters found. (The approxi- 
mate diameters and the friction heads need not be calcu- 
lated in Equation 95 for use in Equation 96, providing some 
estimate may be made for the value of hf, for the various 
lengths of pipe. If desired, hf may be assumed without any 
reference to the diameter, but this is a rather tedious proc- 
ess. For discussion of this point see Church's Hydraulic 
Motors, Arts. 121-124 b.) 

0ZQ2 



d 



[ 



629 % X 



hf 



r 



C96) 



where d, hf, and I are the same as in Equation 95, and Q = 
cubic feet of water passing through the pipe per second. 
This equation differs from those given in the references 
stated, in that the term % is inserted as a mean value be- 
tween the two extreme conditions, as stated in Art. 169. 
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Application. — ^Let it be desired to And the diameter for 
the single main between the power plant and A, Art. 169, 
with hf = 1.47 

r 2 X .005 X 200 X (4.74)2 n % 

d = .629 . = 1 ft. = 12 in. 

L 3 X 1.47 J 

Applying to the entire line with hf as given in next to last 
line of Table XXXVII, gives power plant to A, d z= 12 inches; 
A to B, d = 10 inches; B to C, d = 8 inches; C to D, d = 6 
inches ; and D to E, d = 4 inches. 

In some cases, when close estimating is not required, 
it is satisfactory to assume a velocity of the water and find 
the diameter without considering the friction loss. In many 
cases, however, this would soon prove a positive loss to the 
company. With a low velocity, the first cost would be large 
and the operating cost would be low. On the other hand, 
if the velocity were high, the first cost would be small and 
the operating cost and depreciation would be large. As an 
illustration of how the friction head increases in a pipe of 
this kind w^ith increased velocity, refer to the run of mains 
betw^een B and C Assuming a velocity of 10 feet per 
second, w^hich in this case would be very high, the friction 
head, hf, for the single main, becomes 62 and the theoretical 
diameter is 5.5, say 6 inches. The friction head, as will be 
seen, is 5.4 times the corresponding value when the velocity 
was 5 feet per second. Since the pump must work contin- 
ually against this head, it would incur a financial loss that 
would soon exceed the extra cost of installing larger pipes. 
It is found in plants that are in first class operation that 
the velocities range from 5 to 7 feet per second. 

The calculations in Arts. 169 and 170 are very much 
simplified by the use of the chart shown in the Appendix. 
In planning a system of this kind, find the friction head 
on the pumps and the diameters of the pipes for various 
velocities, say 4, 6, 8 and 10 feet per second. Estimate the 
probable first cost and the depreciation of the conduit sys- 
tem for each velocity, and balance these figures with the 
operating cost for a period of, say five years, to see which is 
the most economical velocity to use in figuring the system. 

171. Service Connections are usually installed from 30 
to 36 inches below the surface of the ground, and are in- 
sulated in some form of box conduit which compares favor- 
ably with that of the main conduit. Service branches are 
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1%-. 1%- and 2-inch wrought iron pipe. These are usually 
carried to the building: from the conduit at the expense of 
the consumer. Such branch conduits are not drained by 
tile drains. 

172. Total Steam Available and B. t. u. * Liberated per 
Hour for Heatlnff the Cirenlatlnff IVateri — The amount of 
steam available for heating: the circulating water is that 
given off by the generating units, plus that from the cir- 
culating pumps, plus that from the city water supply pumps 
if there be any, plus that from the auxiliary steam units 
in the plant, i. e., small pumps, engines, etc. In the typical 
application this amounts to 23100 + 12720 + 8680 = 44500 
pounds per hour. 

This steam, of course, is not equal to good dry steam in 
heating value because of the work it has done in the engine 
and pump cylinders, but a good estimate of its value may 
be approximated. In addition to the terms used in Equation 
93, let g' = heat in the returning condensation per pound; 
then the heat available for heating purposes per pound of 
pxhaust steam is 

B. t. u. = » r -}- g — q' (97) 

It is probably safe to consider the quality of the steam as 
85 per cent, of that of good dry steam at the same pressure. 
Since the pressure of the exhaust from a non-condensing 
engine, as it enters the heater, is near that of the atmos- 
phere, and since the returning condensation is at a tempera- 
ture of about 180", the total amount of heat given off from 
a pound of exhaust steam to the circulating water is 
.85 X 970.4 + 180 — (180 — 32) = 866.84, say 850. If TT, = 
pounds of exhaust steam available, the total number of 
B. t. u. given off from the exhaust steam per hour is 

Total B. t. u. = 850 Ws (98) 

Applying this to the typical power plant gives 850 x 
44500 = 37825000 B. t. u. per hour. This amount is probably 
a maximum under the conditions of lighting units as stated, 
and would be true for only 5 hours out of 24. At other 
times the exhaust steam drops off from the lighting units 
and this deficiency must be made good by heating the circu- 
lating water directly from the coal, by passing the water 
through heating boilers or by passing it through economiz- 
ers where it is heated by the waste heat from the stack 
gases. 
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173. Amount of Hot l^ater Radiation In the District 
tkat can be Supplied by One Pound of ESxhaust Steam on a 
Zero Dayt — In Art. 1S6, each pound of water takes on 25 
B. t. XL. in passing: through the reheaters at the power plant, 
and gives off at least 20 B. t. u. in passing through the 
radiator. The number of pounds of water heated per pound 
of steam per hour is, TTw = (Total B. t. u. available per 
pound of exhaust steam per hour) -r- 25, and the total radia- 
tion supplied is 



Total B. t. u. available per lb. of exhaust steam per hr. 
R^ = (99) 

8.33 X 25 
which for average practice reduces to 



850 

Rw = = 4 square feet approx. (100) 

208 



Applying Equation 99 for the five hour period when the 
exhaust steam is maximum gives i?w = 37825000 -^ 208 = 
181851 square feet. It is not safe to figure on the peak load 
conditions. It is better to assume that for half the time, 
35000 pounds of steam are available and will heat 35000 X 
4 = 140000 square feet of radiation. 



174. The Amount of Ctrculatlngr Water Passed throui^b 
the Heater Necessary to Condense One Pound of Exhaust 
Steam Is 

^ Total B. t. u. available per lb. of exhaust steam per hr. 
Tr„= (101) 

25 



With the value given above for the exhaust steam this be- 
comes, for 100 and 85 per cent, respectively, 

1000 

Ww = = 40 pounds (102) 

25 



850 

Ww = = 34 pounds (103) 

25 
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175. Amount of Hot 'Wmter Radiation in the District 
that can be Heated by One Horae-Power of ESxhaojit Steam 
from a Non-Conden«lnff Engine on a Zero Dayi — 

Rw = i X (pounds of steam per H. P. hour) (104) 
This reduces for the various types of eng^ines. as follows: 



Simple higrh speed 




X 


34 = 


136 


square 


feet. 


" medium " 




X 


80 = 


120 


. 




•' Corliss 




X 


26 = 


104 






Compound high " 




X 


26 = 


104 






" medium " 




X 


25 - 


100 






" Corliss 




X 


22 = 


88 







176. Amount of Radiation that can be Supplied by Ex- 
haust Steam In Equatlonn 09 and 100 at any other Temper- 
ature of the HVater, tw, than that Stated, mrlth the Room^ 
Temperature, t\ Remalnins the Samet — The amount of heat 
passing: through one square foot of the radiator to the room 
is in proportion to t«' — t\ In Equations 99 and 100, tw — f = 
100. Now if tu) be increased x degrees, so that tw — - t* = 
(100 -f a?) then each square foot of radiation in the building 

100 + X 

will give off times more heat than before and 

100 

each pound of exhaust steam will supply only 

4 X 100 

Rw = square feet (105) 

100 + w 

This for an increase of 30 degrees, which is probably a max- 
imum, is 

4 

Rv> = = 3 square feet (106) 

1.3 

Compared with Equation 100, Equation 105 shows, with a 
high temperature of the water entering the radiator, that 
less radiation is necessary to heat any one room and that 
each square foot of surface becomes more nearly the value 
of an equal amount of steam heating surface. Calculations 
for radiation, however, are seldom made from high tempera- 
tures of the water, and this article should be considered an 
exceptional case. 

177. Exhauiit Steam Condenser (Reheater), for Reheat- 
ing: the CIrculatingr Water: — In the layout of any plant 
the reheaters should be located close to the circulating 
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pumps on the high pressure side. They are usually of the 
surface condenser type (Fig, 167) and may or may not be 
installed in duplicate. Of the two types shown in the fig- 
ure, the water tube type is probably the more common. The 
same principles hold for each in design. In ordinary heaters 
for feed water service, wrought iron tubes of l^^- to 2-inches 
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diameter are generally used, but for condenser work and 
where a rapid heat transmission is desired, brass or copper 
tubes are used, having diameters of %- to 1-inch, In heating 
the circulating water for district service, the reheater is 
doing very much the same work as if used on the condens- 
ing system for engines or turbines. The chief difference is 
in the pressures carried on the steam side, the reheater con- 
densing the steam near atmospheric pressure and the con- 
denser carrying about .9 of a perfect vacuum. In either case 
it should be piped on the water side for water inlet and out- 
let, while the steam side should be connected to the exhaust 
line from the engines and pumps, and should have proper 
drip connection to draw the water of condensation off to a 
condenser pump. This condenser pump usually delivers the 
water of condensation to a storage tank for use as boiler 
feed, or for use in making up the supply in the heating 
system. 

In determining the details of the condenser the follow- 
ing important points should be investigated: the amount of 
heating surface in the tubes, the size of the water inlet and 
outlet, the size of the pipe for the steam connection, the size 
of the pipe for the water of condensation and the length 
and cross section of the heater. 

178. Amount of Heating: Surface in the Relieater Tubes t 

—The general equation for calculating the heating surface in 
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the tubes of a reheater (assuming: all heating: surface on 
tubes only), is 

Total B. t. u. given up by the exhaust steam per hr. 

Rt z= (107) 

K (Temp. diff. between inside and outside of tubes) 

The maximum heat g:iven off from one pound of exhaust 
steam in condensing: at atmospheric pressure is 1000 B. t. u.. 
the average temperature difference is approximately 47 
deg:rees, and K may be taken 427 B. t. u. per degree dif- 
ference per hour. In determining K, it is not an easy mat- 
ter to obtain a value that will be true for average practice. 
Carpenter's H. & V. B. Art. 47 quotes the above figure for 
tests upon clean tubes, and volumes of water less than 
1000 pounds per square foot of heating surface per hour. 
It is found, however, .that the a/oerage heater or condenser 
tube with its lime and mud deposit will reduce the efficiency 
as low as 40 to 50 per cent, of the maximum transmission. 
Assume this value to be 45 per cent.; then if W* is the 
number of pounds available exhaust steam, Equation 107 
becomes 

1000 Ws 1000 W, 1000 W, W, 

Rt = = = = (108) 

KiU — tu,) 427 X .46 X 47 9031 9.1 

In "Steam Engine Design," by Whitham, page 283, the 
following equation is given for surface condensers used on 
shipboard: 

W L 



8 



cK (Ti — O 

where S =z tube surface, W = total pounds of exhaust steam 
to be condensed per hour, L = latent heat of saturated steam 
at a temperature Ti, K = theoretical transmission of B. t. u. 
per hour through one square foot of surface per degree dif- 
ference of temperature = 556.8 for brass, c =. efficiency of 
the condensing surface =r .323 (quoted from Isherwood), Tx = 
temperature of saturated steam in the condensers, and t == 
average temperature of the circulating water. 

With L = 970.4, c = .323, K = 556.8 and Ti — * = 47, we 
may state the equation in terms of our text as 

970.4 W, 970.4 W, Wt 

Rt = = = (109) 

.323 X 556.8 X 47 8446 8.7 

In Sutcliffe "Steam Power and Mill Work," page 512, the 
author states that condenser tubes in good condition and set 
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in the ordinary way have a condensing- power equivalent to 
13000 B. t. u. per square foot per hour, when the condensing 
water is supplied at 60 degrees and rises to 95 degrees at dis- 
charge, although the author gives his opinion that a trans- 
mission of 10000 B. t. u. per square foot per hour is all that 
should be expected. This checks cloSely with Equation 108, 
which gives the rate of transmission 9031 B. t. u. per square 
foot per hour. 

The following empirical equation for the amount of heat- 
ing surface in a heater is sometimes used: 

Rt =z .0944 Ws (110) 

where the terms are the same as before. 

Application. — ^Let the total amount of exhaust steam 
available for heating the circulating water be 35000 pounds 
per hour, the pressure of the steam in the condenser be 
atmospheric and the water of condensation be returned at 
180"; also, let the circulating water enter at 155* and be 
heated to 180*. These values are good average conditions. 
The assumption that the pressure within the condenser is 
atmospheric might not be fulfilled in every case, but can be 
approached very closely. Prom these assumptions find the 
square feet of surface in the tubes. 

35000 

Equation 108, Rt = = 3846 sq. ft. 

9.1 

35000 

Equation 109, Rt = = 4023 sq. ft. 

8.7 

EJquation 110, Rt = 35000 X .0944 = 3304 sq. ft. 

1000 X 35000 

Sutcliffe Rt = = 3500 sq. ft. 

10000 

If 3846 square feet be the accepted value it will call for 
three heaters having 1282 square feet of tube surface each. 

179. Amount of Reheater Tube Surface per Engine 

Horae-Poiveiri — ^Let u?« be the pounds of steam used per 
I. H. P. of the engine; then from Equation 108 

Ws 

Rt (per /. H. P.) = (111) 

9.1 
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This reduces for the various types of engrines as follows: 



Simple high speed 34 -. 


- 9.1 = 


3.74 


square 


feet 


" medium " 30 - 


•- 9.1 = 


3.30 






" Corliss 26 - 


r 9.1 = 


2.86 






Compound high " 26 - 


r 9.1 = 


2.86 






" medium " 25 r- 


1- 9.1 = 


2.75 






" Corliss 22 - 


=- 9.1 = 


2.42 







180. Amount of Hot i;i^ater Radiation In the District 

tiftat can be SnppMed by One Square Foot of Relteater Tube 

Surface! — If the transmission through one square foot of 

tube surface be K (ta — tw) = 9031 B. t. u. per hour and the 

amount of heat needed per square foot of radiation per 

hour = 8.33 X 25 = 208, as given in Eqaution 99, then 

9031 

Rw (per sq. ft. of tube surface) = = 43.4 sq. ft. (112) 

208 

181. Some Important Reheater Detliilsi — Inlet and outlet 
pipes. — Having three heaters in the plant, it seems reason- 
able that each heater should be prepared for at least one- 
third of the water credited to the exhaust steam. From 
Art. 173 this is 140000 -^ 3 = 46667 gallons = 10800000 cubic 
inches per hour. The velocity of the water entering and 
leaving the heater may vary a great deal, but good values 
for calculations may be taken between 5 and 7 feet per 
second. Assuming the first value given, we have the area 
of the pipe = 10800000 -^ (5 X 12 X 3600) = 50 square inches, 
and the diameter 8 inches. 

The size of the reheater shell. — Concerning the velocity of 
the water in the reheater itself, there may be differences of 
opinion; 100 feet per minute will be a good value to use 
unless this value makes the length of the tube too great for 
its diameter. If this is the case the tube will bend from 
expansion and from its own weight. At this velocity the 
free cross sectional area of the tubes, assuming the water 
to pass through the tubes as in Fig. 167, will be 150 square 
inches. If the tubes be taken % inch outside diameter, 
with a thickness of 17 B. W. G., and arranged as usual in 
such work, it will require about 475 tubes and a shell diam- 
eter of approximately 30 inches. If the inner surface of the 
tube be taken as a measurement of the heating surface and 
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the total surface be 1282 square feet, the lenerth of the re- 
heater tubes will be approximately 16 feet. 

The ratio of the length of the tube to the diameter 'is, 
in this case, 256, about twice as much as the maximum ratio 
used by some manufacturers. It will be better, therefore. 
to increase the number of tubes and decrease the length. 
With a velocity of the water of 50 feet per minute, the 
values w^ill be approximately as follows: free cross sec- 
tional area of the tubes, 300 square inches; number of tubes, 
950; diameter of shell, 40 inches; length of tubes, 8 feet. 
These values check fairly well and could be used. 

The size of exhaust steam connection, — To calculate this, use 

the equation 

144 Q, 

A = (113) 

T 

where Q» = volume of steam in cubic^ feet per minute, V = 
velocity in feet per minute, and A = area of pipe in square 
inches. When applied to the reheater using 35000 pounds 
of steam per hour, at 26 cubic feet per pound and at a veloc- 
ity through the exhaust pipe of 6000 feet per minute, it gives 

144 X 35000 X 26 

A = = 360 sq. in. = 22 in. dia. 

60 X 6000 

Try also, from Carpenter's H. & V. B., page 284 



d = V (114) 

1.23 

Allowing 30 pounds of steam per H. P. hour for non-condens- 
ing engines we have 35000 -^ 30 = 1166 horse-power; then 
applying the above we obtain d = 16 inches. Comparing 
the two Kquations, 113 and 114, the first will probably admit 
of a more general application. The velocity 6000 for exhaust 
steam may be increased to 8000 for very large pipes and 
should be reduced to 4000 for small pipes. In the above 
applications a 20 inch pipe will suffice. 

The return pipe for condensation. — The diameter of the pipe 
ieading to the condenser pump will naturally be taken from 
the catalog size of the pump installed. This pump would 
he selected from capacities as guaranteed by the respective 
inanufacturers and should easily be capable of handling the 
amount of water that is condensed per hour. 

The value of a high pressure steam connection. — If desired, 
^h? reheater may also be provided with a high pressure 
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steam connection, to be used when the exhaust steam Is not 
BuAlclent. This Bteam la then used through a pressure-re- 
ducing valve which admits the steam at presaurea varying; 

from atmospheric to G pounds gage. There la somo queettoii 



concerning; the advisability of doing 


this. Some prefer to 


Install a high presaure steam heater 


as in Art. 182. to be 


used independently of the sihauat 


steam heaters. This 


removes all posalbillty of having e 


cesslve back presaure 


on the engine piston, as is sometime 


a the case where high 


pressure steam Is admitted with the 




It has been the experience of so 


me who have operated 


auch plants that where more heat 


B needed than can be 


supplied by the exhaust steam, it Is b 




ing hollers and economizers .than to u 




tor heating. 




is::. HtKh PreBunTe Steam Hrate 


1— When this heater Is 


used it is located above the boiler so 


that all the condenea- 
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the full value of the steam and the steam temperatures 
changred to suit the increased pressure. Such a heater as 
this sives grood results. 

183. Clrcnlatiiigr Pmnip^t — Two types of pumps are in 
general use: centrifugal and reciprocating-. Each type is 
somewhat limited in its operation. The centrifugal pump 
has difficulty in operating against high heads and the recip- 
rocating pump is very noisy when running at a high piston 
speed. Since each type is in successful operation in many 
plants, no comparisons will be made between them further 
than to say that the former, being operated by a steam en- 
gine, may be run more economically than the latter because 
of the possibilities of using the steam expansively. It will 
be noted, however, that this same steam is to be used in the 
exhaust steam heaters for warming the circulating water 
and hence there would be little, if any, direct loss from this 
source in the use of the reciprocating pump. 

Having given the maximum amount of water to be 
circulated per hour, consult trade catalogs and select the 
number of pumps and the size of each pump to be installed. 
The sizes of the pumps can easily be determined when the 
number of them has been decided upon. This latter point 
is one upon which a difference of opinion will probably be 
found. No exact rule can be applied. In a plant of, say 
not more than 150000 square feet of radiation (150000 gal- 
lons of water per hour, or 3 million gallons for twenty-four 
hours), some designers would put in three pumps, each 
having 1.5 million gallons capacity; in which case one pump 
could be cut out for repairs and the other two would be 
able to care for the service temporafily. Other designers 
would use four pumps at about one million gallons each. 
The fewer the pumps installed, in any case, the greater 
should be the capacity of each. The following values will 
be found fairly satisfactory: 

1 Pump. Cap. = (1 to 1.25) times max. requirem't of system 

2 Pumps. " (each) = .75 

3 Pumps. *• " = .5 

4 Pumps. " " = .3 

Having given the capacity of each pump in gallons of 
water per minute, the size, the horse-power and the steam 
consumption of each pump can be calculated. In obtaining 
the size of the pump it will be necessary to know the speed^ 
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F, of the piston In feet per minute, the strokes, X, per minute 
and the per cent, of slip, s (100 per cent. — 8, where 8 — hy- 
draulic efficiency). The speed varies between 100, for small 
pumps, and 75, for larg-e pumps. The strokes vary between 
200, for small pumps, and 40, for large pumps, and the slip 
varies between 5 and 40 per cent., depending: upon the fit of 
the piston and the valves. In pumps that have been in serv- 
ice for some time the slip will probably average 20 per cent. 

The cross sectional area of the water cylinder in squaro 

inches is 

cubic inches pumped per minute 

W. C. A. = : — (.15) 

8 X y X 12 

from which we may obtain the diameter of the water cyl- 
inder. 

The steam cylinder area is usually figured as a certain 
ratio to that of the water cylinder area, as 

8. C. A. = (1.6 to 2.5) X W. C. A (116) 

from which we jnay obtain the diameter of the steam cylin- 
der. 

The length of the stroke, L, in inches, may be obtained 
from the speed and the number of strokes such that 

12 V 

L = (117) 

N 

All direct acting steam pumps are designated by diam- 
eter of steam cylinder x diameter of water cylinder X length 
of stroke, as 

14" X 12" X 18" 

Duplex pumps have twice the capacity of single pumps 
having the same sized cylinders. 

To find the indicated horse-power, J. H. P., of the pumps, 
reduce the pressure head, p, in pounds per square inch, to 
pressure head in feet, h; multiply this by the pounds of 
water, W, pumped per minute and divide the product by 
33000 times the mechanical efficiency, E. 

W h 

J. H. P. = (118) 

33000 E 

To reduce from pressure head in pounds to pressure 
head in feet, divide the pressure head in pounds by weight 
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ol a column of water one sQuare inch in area and one foot 
hig-h. The greneral equation for this is 

144 p 



h = 



to 

where w = the weight of a cubic foot of water at the given 
temperature and p = differential pressure in pounds^ per 
square inch. 

In pump service of this kind the pressure head, p, 
against which the pump is acting, is not the result of the 
static head of water in the system but is due to the inertia 
of the water and to the resistance to the flow of water 
through the piping system and the heaters. This frictional 
resistance may be calculated as shown in Art. 169. Read 
this part of the work over carefully. 

For an illustration of combined pressure head, p, and 
friction head, hf, see Art. 186 on boiler feed pumps. Having 
found the /. H. P. of any pump, multiply it by the steam con- 
•''umption per I. H. P. hour and the result will be the steam 
consumption of the pump. This exhaust steam will be con- 
sidered a part of the general supply when figuring the size 
of the exhaust steam heaters in the system. 

The mechanical efficiency, E, of piston pumps depends 
upon the condition of the valves and upon the speed, and 
varies from 90 per cent, in new pumps, to 50 per cent, in 
pumps that are badly worn. A fair average would be 70 
per cent. 

The steam consumption for reciprocating, simple and 
•duplex non-condensing pumps would approximate 100 to 
200 pounds of steam per I. H. P. hour — the greater values re- 
ferring to the slower speeds. 

184, Centrifugal Pumps t — Centrifugal pumps are of 
^^0 classifications, the Volute and the Turbine. The prin- 
ciples upon which each operate are very similar. The ro- 
tating impeller, or rotor, with curved blades draws the 
^ater in at the center of the pump and delivers it from the 
'^^^cumference. The rotor is enclosed by a cast iron case- 
ment which is shaped more or less to fit the curvature of 
the edges of the blades on the rotor. Centrifugal pumps 
^'"e used where large volumes of water are required at low 
heads. They are used in city water supply systems, in cen- 
^^^1 station heating systems, in condenser service, in irri- 
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g:atlon work and in many other places where the pressure 
head operated asrainst is not excessive. The efficiency of 
the averag:e centrifugral pump is from 65 to 80 per cent., 
75 per cent, being: not uncommon. In places where such 
pumps are used the head is usually below 75 feet, -althougrh 
some types, when direct connected to higrh speed motors, 
are capable of operatingr agrainst heads of several hundred 
feet. 

Some of the advantagres of centrifug:al pumps over hor- 
izontal reciprocating: pumps are: low first cost, simplicity, 
few moving: parts, compactness, uniform flow and pressure 
of water, freedom from shock, possibilities of direct connec- 
tion to hig:h speed motors and the ability to handle dirty 
water without injuring: the pump. 

One of the advantag:es of piston pumps over centrifug'al 
pumps is the fact that they are more positive in their opera- 
tion and work agrainst hig-her heads. 

Centrlfug:al pumps, when connected to eng:ine and tur- 
bine drives, benefit by the expansion of the steam and are 
much more economical than the direct acting: piston pump, 
which takes steam at full pressure for nearly the entire 
stroke. The amount of steam used in the pumps in central 
station work, however, is not a serious factor, since all of 
the heat in the steam that is not used in propelling: the 
water through the mains is used in the heaters to increase 
the temperature of the water. 

The sphere of usefulness of the centrifugal pump in 
central station heating: is increasing:. The direct acting 
piston pump, when operating at fairly high speeds, causes 
hammering and pounding in the transmission lines, and 
these noises are sometimes conveyed to the residences and 
become annoying to the occupants. This feature is not so 
noticeable in the operation of the centrifugal pump. 

Application. — In Art. 167 assume the capacity of the 
plant, 10 business blocks and 21 residence blocks, to require 
184500 gallons of water per hour; the same to be pumped 
against a pressure head (Art. 169) of 50 — 5 pounds, by hori- 
zontal, direct acting piston pumps. Assume also the steam 
consumption of the pumps to be 100 pounds per /. H. P. hour 
and the average temperature of the water at the pumps to 
be (180 + 155) -~ 2 = 167.5 degrees. Apply Equation 118, 
where h = calculated total friction head for the longest line 
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in the system (this is desigrnated by hf in Art. 169), or where 

p = total difference between the incoming- and the outgoing 

pressures. With the weight of a cubic foot of water at 167.5 

degrees = 60.87 pounds and with p = 45, we have ^ = 106.5 

feet, and the indicated horse-power of the pumps, assuming- 

65 per cent, mechanical efficiency, is 

184500 X 8.33 X 106.5 

/. JET. P. = = 127.2 

33000 X .65 X 60 

From this the steam consumption will probably be 12720 

pounds per hour. 

If centrifugal pumps were selected the horse-power 

would be calculated from the same equation, but the steam 

consumption of the engine driving it would probably be 30 

to 40 pounds of steam per horse-power. 

185. City Water Supply Pumpsi: — Horizontal, direct act- 
ing duplex pumps for use on city water supply service are 
the same as those used to circulate the water in heating 
systems; hence, the foregoing" descriptions apply here. The 
/. £r. P. of the city water supply pumps would be calculated 
by use of Equation 118. If the pumps lift the water from the 
wells, as would probably be the case, the suction pressure 
would be negative and would be added to the force pressure. 

Application. — Assume the pressure in the fresh water 
mains 60 pounds and 'the suction pressure 10 pounds; there- 
fore, p = 60 — ( — 10) = 70 pounds, and with the water at 
65 degrees, h = 144 X 70 -r- 62.5 = 161 feet. These pumps 
are each rated at 1.5 million gallons in 24 hours, and deliver 
62500 X 8.33 = 520833 pounds of water per hour, when run- 
ning at full capacity. Assuming each pump to deliver 75 per 
cent, of the full requirement of the system, the total amount 
of water pumped per hour for the city water supply would 
approximate 520833 -^ .75 = 694444 pounds, and the total 
average horse-power used in pumping the water would be 

694444 X 161 

/. //. F. = = 86.8 

60 X 33000 X .65 

With 100 pounds of steam per horse-power hour, this would 
amount to 8680 pounds of exhaust steam available per hour 
for use in heating the circulating water. 

186. Boiler Peed Pumps t — Horizontal pumps for high 
pressure boiler feeding are selected in a similar way. Such 
units are called auxiliary steam units and, because the steam 
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required is small, they are sometimes piped to a feed water 
heater for heating: the boiler feed. The velocity of the water 
througrh the suction pipe may be taken 200 feet per minute 
and in the delivery pipe 300 feet per minute. The piston 
speed, the strokes per minute and the slip would be very 
much the same as stated under circulating: pumps. Such 
pumps should have a pumping: capacity about twice as g:reat 
as the actual boiler requirements, and in small plants where 
only one pump is needed, the installation should be in dupli- 
cate. The sizes of the cylinders and the efficiencies are 
about as stated for the larg:er circulating pumps. 

In determining: the horse-power of a boiler feed pump, 
four resistances must be overcome; i. e., pressure head, p, or 
boiler pressure; suction heat, ha; delivery . head, hd, and 
the friction head, hf. The first three values are usually 
g:iven. The friction head includes the resistances in all pip- 
ing", ells and valves from the supply to the boiler. The fric- 
tion in the piping: may be taken from Table 42, Appendix, or 
it may be worked out by Equation 95. The friction, in the ells 
and valves is more difficult to determine and is usually stated 
in equivalent lengrth of straight pipe of the same diameter. 
A roug-h rule used by some in such cases is as follows: "to 
the leng:th of the g:iven pipe, add 60 times the nominal diam- 
eter of the pipe for each ell, and 90 times the diameter for 
each globe valve," -then find the friction head as stated 
above. A straight flow gate or water valve could safely be 
taken as an ell. For simplicity of calculation, all of the 
above resistances may be reduced to an equivalent head, 
such that 

(119) 
144 p 

hv = \- hd + hi -\- hf 

to 

where w = weight of one cubic foot of water at the suc- 
tion temperature, w may be obtained from Table 9, Ap- 
pendix, and hf may be taken from Table 42. The horse-power 
by Equation 118 then becomes, it W = pounds of water 
pumped per minute, 

W X he 

I. II. P. = (120) 

33000 E 

Application. — Let p =: 125 pounds gage, w = 62.5, hd = ^ 
feet, hs = 20 feet, horizontal run of pipe from supply to 
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pump = 20 feet, horizontal run of pipe from pump to boiler = 
30 feet; also, let the pump supply 89000 pounds of water 
per hour to the boiler. This is twice the capacity of the 
boiler plant. With this amount of water at the usual veloc- 
ity it will give a suction pipe of 4.5 inches diameter, and a 
flow pipe of 4 inches diameter. Let there be two ells and 
•^ne gate valve on the suction pipe, and three ells, one globe 
valve and one check valve on the delivery pipe. We then 
have an equivalent of 107 feet of suction pipe, and 158 feet 
of delivery pipe. Referring to Table 42, hf is approximately 
' feet, and the total head is 

144 X 125 

he = H 8 + 20 + 7 = 323 feet. 

62.5 

In the use of most boiler feed pumps it is considered 
unnecessary to determine hf so carefully. A very satisfac- 
tory way is to obtain the total head pumped against, exclu- 
sive of the friction head, and add to it 5 to 15 per cent., de- 
pending upon the complications in the circuit. Substituting 
the above in Equation 120, we obtain 

89000 X 323 

/. H. P. = = 22.3 

60 X 33000 X .65 

Work out the value of hf by Equation 95 and see how 
nearly it checks with the above. 

187. Boilers t — ^A number of boilers will necessarily be 
installed in a plant of this kind, and a good arrangement is 
to have them so piped with water and steam headers that 
any number of the boilers may be used for steaming pur- 
poses and the rest as water heaters. They should also be so 
arranged that any of the boilers may be thrown out of 
service for cleaning or repairs and still carry on the work 
of the plant. By doing this the boiler plant becomes very 
flexible and each boiler is an independent unit. Any good 
Water tube boiler would serve the purpose both as a steam- 
ing and as a heating boiler. Where the boilers are used as 
heaters, the water should enter at the bottom and come out 
at the top. Where the water enters at the top and comes 
out at the bottom, the excessive heating of the front row of 
tubes retards the circulation of the water by this heat, and 
produces a rapid circulation through the rear tubes where 
the heat is the least. This rapid circulation in the rear tubes 
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la not a detriment, but It is less needed there than in the 
front ones. It would be decidedly better if the rapid circu- 
lation were in the front row, causing' the heat from the fire 
to be carried off more readily, and by this means giving less 
danger of burning the tubes. In the latter case the forced 
circulation from the pumps will be aided by the natural cir- 
culation from the heat of the fire, and the life of all the 
tubes becomes more uniform. Fig. 169 shows a typical 
header arrangement. 

Boilers are usually classified as Are tube and water tube. 
Fire tube boilers are of the multitubular type, having the flue 
gases passing through the tubes and water surrounding: 
them. Water tube boilers have the water passing through the 
tubes and the flue gases surrounding them. The heating sur- 
face of a boiler is composed of those boiler plates having the 
heated flue gases on one side and the water on the other. A 
boiler horsepower may be taken as follows: 

Centennial Rating. 
One B. H. P. = 30 pounds of water evaporated from feed 
water at 100* F. to steam at 70 pounds gage pressure. 

A. S. M. E. 
One B. H. P. = 34.5 pounds of water evaporated from 
and at 212' F. 

In laying out a boiler plant some good approximations 
for the essential details are: 

One B. If. P. =. 11.5 square feet of heating surface. 

(multitubular type). 
One B. H. P. = 10 square feet of heating surface 

(water tube type). 
One B. H. P. = .33 square foot of grate surface 

(small plant, say one boiler). 
One B. If. P. = .25 square foot of grate surface 

(medium sized plant, say 500 H. P.). 
One B. If. P. =: .20 square foot of grate surface 

(large plants). 
Pounds of water evaporated per square foot of heating 
surface per hour = 3 (approx. value). 

188. Square Feet of Hot Water Radiation that can be 
Supplied on a Zero Day by One Boiler Horse-Poiver "wben the 
Boiler in Uned wlh a Heaters — Assuming that the coal used in 
the plant has a heating value of 13000 B, t. u. per pound. 
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and tliat the efficiency of the boiler is 60 per cent., each 
pound of coal will transmit to the water 7800 B. t. u. Sincx. 
each pound of water takes up 25 B. t. u. on its passasre 
through the heating: boiler, one pound of coal will heat 312 
pounds, or 37.5 grallons of water. This is equivalent to sup- 
plying^ heat, under extreme conditions of heat loss, to 37.5 
square 'feet of radiation for one hour. One boiler horse- 
power, according to Art. 187, is equivalent to the expendi- 
ture of 970.4 X 34.5»=r 33478 B. t. u. Now since each pound 
of coal transfers to the water 7800 B. t. u., one boiler horse- 
power will require 33478 -^ 7800 = 4.29 pounds of coal. If, 
then, the burning of one pound of coal will supply 37.5 
square feet of hot water radiation for one hour, one boiler 
horse-pow^er will supply 4.29 x 37.5 = 160 square feet for 
one hour, and a 100 H. P. boiler will supply 16000 square feet, 
of water radiation in the district for the same time. These 
figures have reference to boilers under good working condi 
tions and probably give average results. 

189. Square Feet of Hot liVater Radiation in the Districi 
that can be Supplied on a Zero Day by an EjConomiBer Lo- 
cated in tbe Stack Gases between the Boilers and the Chint- 
ney: — ^In order to make this estimate it is necessary first to 
know the horse-power of the boilers, the amount of coal 
burned per hour, the pounds of gases passing through the 
furnace per hour and the heat given off from these gases 
to the circulating water through the tubes. 

Application. — ^Let C = pounds of coal burned per hour =z 
boiler horse-power x pounds of coal per boiler horse-power 
hour, Wa = pounds of air passed through the furnace per 
pound of fuel burned, 8 = specific heat of the gases, tb = 
temperature of gases leaving boiler, ta = temperature of 
gases leaving economizer, ttc = temperature of water enter- 
ing economizer and tf = temperature of water leaving the 
economizer. Then, if 8.33 pounds of water will supply one 
•square foot of radiation for one hour we have 

» X (C X TFa + C) X (tb — ts) 

Rw = (121) 

8.33 X (tf — tw) 

In the illustrative plant, 44500 pounds of steam per hour 

are generated in the steam boiler plant at a pressure of 125 

pounds gage. To find the boiler horse-power let the total 

heat of the steam, above 32" at 125 pounds gage, be 1192 

B. t. u.,'and let the temperature of the incoming feed water 
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to the boilers be 60 degrees. (In most cases the feed water 
will be at a higher temperature, but since it will occaslonally 
be as low as 60 degrees, this value should be used.) The 
heat put into a pound of steam under these conditions is 
1192 — (60 — 32) = 1164 B. t. u., and in 44500 pounds it will 
be 51798000 B. t. u. Since one horse-power of boiler service 
is equivalent to 33455 B. t. u., we will need 51798000 -~ 
33478 = 1548 boiler horse-power. This horse-power will 
take care of all the engines and pumps in the plant. If the 
coal used contains 13000 B. t. u. per pound and the boilers 
have 60 per cent, efficiency, 7800 B. t. u. will be given to the 
water per pound of fuel burned, and the amount of coal 
burned per hour will be 51798000 -r- 7800 = 6640 pounds. 
^ This gives 6640 -i- 1548 = 4.3 pounds of fuel per boiler horse- 
'^.power hour, and 6.7 pounds of water evaporated per pound 
"of fuel. If the flue gases have 12 per cent. CO2, there are 
'^''hsed according to experimental data, about 21 pounds of air 
#)r 22 pounds of the gases of combustion, per pound of fuel 
Jl^urned. This is equivalent to 6640 X 22 = 146080 pounds of 
jfixxe gases total. Suppose now that these gases leave the 
furnace for the chimney at a temperature of 550 degrees F.. 
that the economizer drops the temperature of the gases 
down to 350 degrees (a condition which is very reasonable) 
and that the specific heat of the gases is about .22, we have 
146080 X .22 X (550 — 350) = 6427520 B. t. u. given off from 
the gases per hour In passing through the economizer (see 
numerator in Equation 121). This heat is taken up by the 
circulating water In passing through the economizer toward 
the outgoing main. Now If the water as It returns from the 
circulating system, enters the economizer at 155 degrees, 
and leaves at 180 degrees, we will have 6427520 -^ (180 — 
155) = 257100 pounds of water heated per hour. This Is 
equivalent to supplying 257100 -r- 8.33 = 30864 square feet of 
radiation per hour when the plant Is running at its peak 
load. Taking the "pounds of steam per hour" in the above 
as the only variable quantfty, we are fairly safe in saying 
that the heat In the chimney gases from one horse-power of 
steaming boiler service will supply, through an economizer, 
30864 -T- 1548 == 20 square feet of radiation in the district. 
In plants where only 7 pounds of water are allowed to each 
square foot of radiation per hour, this becomes 23.8 square 
feet of radiation Instead. 

\ 
\ 
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190. Square Feet of Ecoinoiiiiaer Surface Required to 
Heat tbe Circnlatlngr l^l^ater In Art. 189i — Let K = the coefCi- 
fient of heat transmission through clean cast Iron tubes and 
^ = the efficiency of the tube surface when in average serv- 
ice, also let the terms for the temperatures of the gases and 
the circulating water be as given in Art. 189, then 

Heat trans, per hour from gases to water 
«. = (122) 



(tb + U <r + *« \ 
— 1 r-) 



This equation assumes that the rate of heat flow through 
the tubes is the same at all points. As a matter of fact this 
rate changes slightly as the water becomes heated, but the 
prror is not serious in an equation, where the efficiency of 
the surface may be anything from 100 per cent, in new tubes 
to as low as 30 to 40 per cent, for old ones. 

Applicatiok. — Let iC = 7 and E ■=. .4, then 

6427620 
R, = - 8125 sq. ft. 

(560 + 350 180 + 155 \ 
— 1 i— ) • 

With 12 square feet of surface per tube this gives 677 tubes. 

191. Square Feet of E^conomlxer Surface to Install when 
the Economiaer Ui to be Used to Heat the Feed Water for 
*ke SteamiuflT Boilers t — If 30 pounds of feed water are fed 
to the boiler per horse-power hour, and it K = 1, E =. .4, 
^* = 550, U = 360, tf = 250, and tw — 90 (about the lowest 
temperature at which water should enter the economi2ser), 
then the square feet of surface per horse-power is 

30 X (250 — 90) 
/fe = — 6.1 sq. ft. 

(550 + 350 250 + 90 \ 
__ ^ — ) 

192. Total Capacity of the Boiler Plant and the Number 
^i Boilers Installedt — The following discussion on the size 
of the boiler plant is purely for illustrative purposes and 
is intended to show how such problems may be analyzed. 
Inmost cases the exhaust steam, and the economizer, if used, 
^ill fall far short of supplying the total radiation in the 
•district, especially when the electrical output is light and 
the weather Is cold. Suppose it be desired to install extra 
'toilers to be used as heaters for the radiation not supplied 
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from these two sources. To determine the amount of extra 
boilers, find the amount of radiation to be supplied by the 
exhaust steam and the economizer and subtract this from 
the total radiation. The difference must be supplied by boil- 
ers used as heaters. It is probably not safe to estimate too 
closely on the amount of exhaust steam g^iven to the heating- 
system. The maximum amount of 44500 pounds per hour 
was obtained, in this case, by pumping: one grallon of w^ater 
per hour for each square foot of radiation and by pumping- 
city water, in addition to that obtained from the engines. 
In heating, a less amount of water than this may be circu- 
lated even on the coldest day. This is possible, first, be- 
cause water may be carried at a higher temperature than 
that stated, and second, because there may be less loss of 
heat in the conduit, thus giving more heat per gallon of 
water to the radiation. Again, in estimating for a city 
water supply, the demands are not very constant and are 
difficult to estimate. In this one design it was thought that 
44500 pounds per hour was a very liberal allowance and 
could be dropped to 35000 pounds (140000 square feet of radi- 
ation), when estimating the amount of radiation supplied 
by the exhaust steam. 

By Fig. 164 it will be seen that the minimum load on the 
steaming boilers carries through six hours out of the entire 
twenty-four and that the exhaust steam at this time drops 
to 22890 pounds per hour, supplying 91560 square feet of 
radiation. This minimum load, is 51 per cent, of the max- 
imum, and 66 per cent, of the amount taken as an average, 
i. e., 35000. The work done by the economizer is fairly con- 
stant, since the amount of economizer surface lost . by the 
steaming boilers under minimum load would be made up 
by the additional heating boilers thrown into service. On 
the basis of 35000 pounds per hour, the exhaust steam and the 
stack gases together would heat 170960 square feet and 
there would be left 13540 square feet (184500 — 20 X 1548 — 
4 X 35000), to be heated by additional boilers. Under min- 
imum load this would be approximately 122500, leaving 62000 
square feet to be heated by additional boilers. If one boiler 
horse-power supplies 160 square feet of radiation, it would 
require 84 and 387 boiier horse-power respectively to supply 
the deficiency and the total horse-power needed in each case 
would be 1632 and 1935. A more satisfactory analysis, how- 

V 

i 



DISTRICT HEATING 325 

ever, is the following: which is worked on the hasis of 44^00 

pounds per hour. 

Let Ws = total number of pounds of steam used in the 

plant per hour = approximate number of pounds of exhaust 

steam available for heating: the circulating- water per hour; 

We = equivalent number of pounds of steam evaporated from 

and at 212* ; X = total heat, above 32', in one pound of dry 

steam at the boiler pressure; a' = total heat, above 32", in 

one pound of feed water entering the boiler; then, if the 

latent heat of steam at atmospheric pressure = 970.4 B. t. u. 

we have 

W. (X — 9') 

We = (123) 

970.4 

and the corresponding boiler horse-power^eeded as steam- 
ing boilers will be 

We 

B>. H, P. = (124) 

34.5 

Next the radiation in the district that can be supplied 
by the exhaust steam is Rv> ■= 4 W», and the amount sup- 
plied by the economizer is i?e = 20 X B. H. P. From which 
we may obtain the capacity of the heating boilers, as 

Total Radiation — 4 W« — 20 J5. H. P. 

Bw, H. P. = (125) 

160 

The total boiler horse-power of the plant is, therefore, the 
sum of B*. H. P. and Bw. H. P. To obtain Equation 125 for any 
specific case one must consider the maximum and minimum 
conditions of the steaming boiler plant. Let W» (max) = 
maximum exhaust steam, and Ws (min) rr: minimum exhaust 
steam. Then for the two following conditions we have. 
Case 1, where the steaming and heating boilers are independent of 
each other, the total boiler horse-power installed = Bs. H. P. + 
[total radiation — 4 TTa (min) — 20 X B. H. P. in use] -^ 160. 
Also, Case 2, where a part or ail of the steaming boilers are piped 
for both steaming and water service, the total boiler horse- 
power installed = Bs. H. P. + [total radiation — 4 W» (max) — 
20 X B. H. P. in use] ~ 160. It will be noticed that the last 
term representing the economizer service is simply stated 
as boiler horse-ppwer and no distinction is made between 
steaming: or heating service. This term is difficult to esti- 
mate to an exact figure because it should be the total horse- 
power in use at any one time, both steaming and heating, 
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and this can only be obtained by approximation. It makes 
no difference what service the boiler may be used for, the 
work of the economizer is practically the same. Probably 
the most satisfactory way is to substitute the value of 
Bt. H. P. for B. H. P. in the economizer and get the approx- 
imate total horse-power, then if this approximate total 
horse-power differs very much from that actually needed, 
other trials may be made and new values for the total horse- 
power obtained until the equation is satisfied. 

Application. — Let W« = pounds of exhaust steam, X = 
1192 (125 pounds gragre pressure), and q* = 28 (feed water 
at 60*); then when W, = 44500 

We = 53400 

B3. H. P. = 1548 

184500 — 4 X 22890 — 20 X 1548 

Bw. H. P. Case 1 = rr 387 

160 

184500 — 4 X 44500 — 20 X 1548 

Bv. H. P. Case 2 = = — 153 

160 

This shows that there is in excess of waste heat in Case 2, 
-milking' a total boiler horse-power, Case 1, = 1935 and Case 
2, = 1548. Investigrating" Case 1 to see what error was intro- 
duced by using 1548 in the economizer, we find approximately 
800 horse-power of steam boilers in use, and the total horse- 
power to be 1187, which is about 360 horse-power on the 
unsafe side. Substitute again and check results. Case 2 is 
reasonably close. In any case the most economical size of 
boiler plant to install in a plant requiring both steaming and 
heating boilers is one where at least a part, if not all, of the 
boilers are piped so as to be easily changed from one system 
to the other. By such an arrangement the capacity may be 
made the smallest possible. After obtaining the theoretical 
size of the plant, it would be well to allow a small marg-in 
in excess so that one or two boilers may be thrown out of 
commission for repairs and cleaning without interfering 
with the working of the plant. Case 2 seems to be the better 
arrangement. Assuming 1800 total boiler horse-power w^e 
mlgrht very well put in six 300 H. P. boilers arranged in three 
batteries. 

193. Cost of Heatins from a Central Station (Dli^ect 
Flrtns)t — It will be of interest in this connection to estimate 
approximately the fuel cost in supplying heat by direct firing 
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to one square foot of hot water radiation per year from the 
average central station. In doing this make the boiler as- 
sumptions the same as Art. 188. Take coal at 13000 B. t. u. 
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POWER PLANT LAYOUT. 
Fig. 169. 
per pound, 2000 pounds per ton, and a boiler efficiency of 60 
per cent. Water enters the boiler at 155 degrees from the 
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returns, and is delivered to the mains at 180 degrees. Prom 
the value of the coal we have 15600000 B. t. u. per ton grlven 
oft to the water. This is equivalent to heating: 624000 
pounds, or 74910 g-allons, of water. If one ton of coal costs 
3.50 at the plant, we have 

350 -T- 74910 = .0047 cent 

This represents the expense for fuel to reheat one grallon of 
water, or to supply one square foot of heating: surface one 
hour at . an outside temperature of zero degrrees. Let the 
averag:e outside temperature for the eigrht heating: months 
be 39* (see Art. 63). This g:ives an averag:e difference be- 
tween the inside and outside temperatures in any residence 
of 70 — 39 = 31 degrees, and the equation for the heat loss, 
Art. 39, reduces to 31 -^ 70 = .44 of its former value. Now, 
if it takes one gallon of water per square foot of radiation 
per hour under maximum conditions, we have for the eight 
months .44 X 8 X 30 X 24 = 2535 gallons of water heated 
for each square foot of radiation, at a fuel expense of 2535 X 
.0047 = 11.9 cents per square foot of radiation for the heat- 
ing year. 

When the plant is working under the best conditions 
this figure can be reduced. It can be done with boilers of 
a higher efficiency than that stated, or by using a cheaper 
coal, both of which are possible in many cases. 

194. Comt of Heating from a Central Statton. Simniitary 
of Tests: — The following tests were conducted upon the 
Merchants Heating and Lighting Plant, LaFayette, Ind.; one 
in^l906 and the other in 1908. The plant was changed slight- 
ly between the two tests and the radiation carried upon the 
lines was much increased, although in all essential features 
the plant was the same. The circulating water was heated 
by exhaust steam heaters and by heating boilers. 

The plant had the following important pieces of appara- 
tus employed in generating or absorbing the heat supply: 

BOILERS (Steaming and Heating). 

Two 125 H. P. Stirling boilers. Total heating surface 
2524 sq. ft. 

Three 250 H. P. Stirling boilers. Total heating surface 
7572 sq. ft. 

Pressure on steam boilers (gage), 150 lbs. 

Pressure on heating boilers (approx.), 60 lbs. 
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ENGINES 

I One 450 H. P. Hamilton Corliss comp. engrine, direct con- 

' nected to a 300 K. W. Western Electric 72-pole alternating 
current generator. 120 R. P. M. This engine carried the load 
of the plant when it was above 50 K. W., which was generally 
from 5:30 A. M. to 11:30 P. M. When this unit was run, 
direct current was obtained by passing the alternating cur- 
rent through a motor generator set. 

One 125 H. P. Westinghouse comp. engine, belted to one 
75 K. W. 3-phase alternating and two direct current genera- 
tors, and run at 312 R. P. M. This unit was generally run 
between 11:30 P. M. and 5:30 A. M. 

One 250 H. P. Westinghouse comp. engine, belt connected 
to a 200 K. W. generator and two smaller machines. 

PUMPS. 
One centrifugal, two-stage pump, Dayton Hydraulic Co., 
direct connected to a Bates vertical high speed engine at 300 
R. P. M. 

Two Smith-Vaile horizontal recip. duplex pumps 14 in. X 
12 in. X 18 in. Each of the three pumps connected to the 
return main in such a way as to be able to use any combina- 
tion at any one time to circulate the water. The centrifugal 
pump had been in service only one season. It had a capacity 
about equal to the two reciprocating pumps and under the 
heaviest service this pump and one of the duplex pumps 
were run in parallel. 

One Smith-Vaile horizontal reciprocating tank pump 
6 In. X 4 in. X 6 in. to lift the water of condensation from 
the exhaust heater to the tank. 

One Smith-Vaile horizontal reciprocating make-up pump 
S in. X 4 in. X 6 in. to replace the water that was lost from 
the system. 

Two National horizontal reciprocating boiler feed pumps. 

One 9% in. Westinghouse air pump, to keep up the sup- 
ply of air through the conduits to the regulator system in 
the heated buildings. 

One Deane vertical deep well pump, to deliver fresh 
Water to the supply tank. 

One Baragwanath exhaust steam heater or condenser, 
having 1000 sq. ft. of heating surface. 
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PARTIAL SUMMARY OF RESULTS. 

. 1906 

1. Square feet of radiation 118000 

2. Temperature of circulatingr water in 
degrrees F., flow main 158.36 

3. Temperature of circulating: water in 
degrrees F., return main / 139.9 

4. Temperature of circulatingr water in 
degrrees F., after leaving: heater 145.6 

5. Temperature of outside air in de- 
grrees F 32.6 

6. Temperature of stack g^ases in de- 
grrees F., steaming: boiler 

7. Temperature of stack grases in de- 
crees F., heatingr boiler 562. 

8. Draft in stacks (all boilers averag:e) 

in inches of water .689 

9. Heating value of coal in B. t. u. 

per pound 12800 

10. B. t. u. delivered to steaming: boiler 

per hour by coal 18187000 

11. B. t. u. delivered to heating: boilers 

per hour by coal 19226000 

12. B. t. u. delivered to circulating: water 

by heating: boilers per hour 11800000 

13. B. t. u. to be charged to heating boil- 
ers (Item 12 — Item 15) 7650000 

14. B. t. u. delivered to circulating water 
by exhaust steam from the gener- 
ating engines per hour 3600000 

15. B. t. u. thrown away during test 
from pump exhausts and available 

for heating circulating water 4150000 

16. B. t. u. available for heating circu- 
lating water from all exhaust steam 
as in normal running (Item 14 + 

Item 15) 7750000 

17. Total B. t. u. given to circulating 

vater per hour (Item 13 + Item 16). .15400000 

18. Gallons of water pumped per hour 

[Item 17 ~ (8.33 X Items 2—3)] 100000 



1908 
150000 

164.4 

139.6 

147. 

37.5 

566.8 

656. 

.596 

11565 

26833000 

27917000 

15405000 

6934000 

6602000 

8471000 



15073000 

22007000 

108000 
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19. Gallons of water pumped per square 
foot of radiation per hour (Item 

18 -r- Item 1) ' .85 .70 

20. Efficiency of heating^ boilers (Item 

12 -5- Item 11) approx .60 .55 

21. Value of the coal in cents per ton of 

2000 pounds at the plant 200. 175. 

22. Average electrical horse-power 68 141 

Note. — The above values are averages and were taken 

for each entire test. The B. t. u. values were considered 
satisfactory when* approximated to the nearest thousand. 

195. Reflrvlatlon: — The regulation of the heat within the 
residences is best controlled from the power plant. In most 
heating plants a schedule is posted at the power house which 
tells the engineer the necessary temperature of the circu- 
lating water to keep the interior of the residences at 70 
deg-rees with any given outside temperature. The Merchants 
Heating and Lighting Company mentioned above use the 
following schedule: 

Atmosphere Water Atmosphere Water 

60 deg. 120 deg. 10 deg. 190 deg. 

50 " 140 " " 200 *• 

40 '• 150 " —10 " 210 " 

30 ** 160 " — 20 " 220 " 

20 •' 180 *• 

In addition, read the article by Mr. G. E. Chapman, pub- 
lished in the Heating and Ventilating Magazine, August, 
1912, page 23, in which he describes the methods used in 
reg-ulating the Oak Park, 111., plant. 

In some heating plants the regulation is by means of air 
carried from the compressor at the power house through a 
main running parallel with the water mains in the conduits, 
and branching to each building where it is used under a 
pressure of 15 pounds to operate thermostats, which in turn 
control the water inlets to the radiators. A closer regula- 
tion is obtained in the latter system than in the former, but 
it is needless to say that the thermostats require careful 
adjustments and frequent inspections and repairs. 

Diaphragms or chokes having different sized orifices may 
be placed on the return main from each building to regulate 
the supply. Those buildings nearest to the power plant 
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have the advantag:e of a greater differential pressure than 
those farther away, hence should have smaller diaphragrms. 
By increasingr the resistance in the return line from any 
building the water circulates more slowly and has time to 
give off more heat to the rooms. With a high temperature 
of the water and a careful adjustment of the diaphraStms 
" it is possible to have the amount of water circulated per 
' square foot of radiation reduced much below one gallon per 
square foot per hour. 

STEAM SYSTEMS. 

19d. Heatingr by ateam from a central station, compared 
with hot water heating, is a very simple process. The power 
plant equipment is composed of a few inexpensive parts, the 
operation of which is very simple and easily explained. 
These parts have but few points that require rational de- 
sign. Because of the simplicity and the similarity to the 
preceding discussion on hot water systems, the work on 
steam systems will be very brief. All questions referring* 
to the construction of the conduit, the supporting of the 
pipes, the provision for contraction and expansion, and the 
draining of the pipes and conduits, are common to both hot 
water and steam systems and are discussed in Arts. 160 and 
161. A large part of the work referring directly to district 
hot water heating applies with almost equal force to steam 
heating. This part of the work, therefore, will deal "with 
such parts of the power plant equipment as differ from 
those of the hot water system. 

Centralized steam heating may be classified under two 
general heads, high pressure and low pressure, referring to 
the pressures carried in the transmission lines. Ordinarily- 
steam is generated at high pressure at the boiler, 60 to 150 
pounds gage, and reduced for line service to pressures vary- 
ing from 5 to 30 pounds gage, with a still further reduction 
at the building to pressures varying from to 10 pounds' 
gage for use in radiators and coils. Where exhaust steam is 
used in the main, the pressure is not permitted to go higher 
than 10 pounds gage, because of the back pressure on the 
engine or turbine. Where exhaust steam Is not used» the 
pressures may be carried as high as desired, thus allowing: 
for a greater pressure drop in the line and a corresponding: 
reduction in pipe sizes. (See Central Station Heating in De- 
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troit. Power, May 7, 1918). In large plants the necessity 
for high pressures and small pipes is apparent. Even in 
lines carrying exhaust steam, high pressure feeders or 
boosters are frequently run parallel to the heating main and 
at stated points connect to the heating main through pres- 
sure reducing valves. Vacuum returns may be applied to cen- 
tral station work the same as to isolated plants. (See Art. 
159 — Returning the water to the power plant. Also, Chap. 
IX). 

The principles involved in the power plant end of a 
steam heating system may be represented by Fig. 170. It 
will be seen that the exhaust steam from the engines or tur- 
bines has four possible outlets. Passing through the oil 
separator, which removes a large part of the entrained oil, 
part of the exhaust steam is turned into the heater for use in 
heating the boiler feed water. The rest of the steam passes 
on into the heating system. If there is more, exhaust steam 
than is necessary to supply the heating system, the balance 
may go to the atmosphere through the back pressure valve. 
When the heating system is not in use, as would be the ,case 
in the four warm months of the year, the exhaust steam 
may be passed into the condenser. 



BYPASS AROUND HEATEIR 
TO BACKPRESSURE VALVE 



PARA TOR 



tomcater and 
back pres3 valve 



TDCGKDENSER 




TO HEATING 
SYSTEM 

TO SEWER 
3TEAMTRAP 



LIVE STEAM 
FROM BOILERS 



Fig. 170. 



It is very evident, from what has been said before, that 
it would not be economical to condense the steam in a con- 
denser as long as there is a possibility of using it in th« 
heating system. The increased gain in efficiency, when con- 
densing the exhaust steam under vacuum, is very small com- 
pared to the gain when this same steam is used for heating 
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purposes. It would be also very poor economy to use any- 
live steam for heating when there is any exhaust steam 
wasted. When the amount of exhaust steam is insufficient, 
live steam is admitted through a pressure reducing valve. 
197. Drop in PrcMsure and the Diameter of the Mains s — 
The flow of steam in a pipe follows the same general la"w as 
the flow of water. The loss of head may be represented 
by the well known equation, 



hf = 



gd 



(126) 



where hf =r loss of head in feet, = coefficient of friction, 
V = velocity in feet per second, I = length of pip^ in feet, 
d = diameter of the pipe in feet and g = 32.2. Substitute, 
hf = 144 p -J- D, where p = drop in pressure in pounds and 
Z> = density of the steam, and find . 

2 4>lv^D 



p = 



(127) 



liigd 

The coefficient of friction is found to vary with the velocity 
of the steam and with the diameter of the pipe. Prof. Unw^in 
found that for velocities of 100 feet per second (good prac- 
tice for transmission lines), it could be expressed as follows, 
where o is a constant to be found by experiment, 

3 

+ 



= I 1 



) 



10 d 

which when substituted in Equation 127, gives 

3 



p = 



Iv^Do / 3 \ 

72 gd \ 10 d f 



(128) 



Let W = pounds of steam passing per minute and di = diam- 
eter of pipe in inches, then 

1 / 3.6 \ W^lc 



P = 



20.663 



(3.6 \ W2 Z c 
dx jIJd 



(129) 



The recommended value of the constant c for steam is .0027. 
From this equation we may obtain any one of the five ternas, 
di, W, p, I or D, if the other four are known or assumed. In 
the greatest number of practical problems the item desired 
is the diameter, di, and conditions must give the pounds of 
steam to be conveyed per minute, the pressure drop allow- 
able for its transmission, the length of transmission pipe and 
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the steam pressure (or density). In a comparatively few 
problems W or p may be required and the other four items 
griven. 

APPLICATIONS BY THE USE OF EQUATION 129. 

Application 1.-*-A steam power main is to be desigrned to 
deliver 8400 pounds of steam per hour, at 100 lbs. gQ.ge pres- 
sure, through a distance of 1000 feet of straight pipe. What 
will be the diameter if the allowable pressure drop for this 
1000 foot run is first, 1 lb.; second, % lb.; third, 10 lbs.? 

Solution. — 8400 pounds per hour = 140 pounds J)er min- 
ute. At 100 lbs. gsige pressure the density of the steam is 

140 X 140 X 1000 X .0027 



.258 and p = 



1 / 3.6 \ 

.663 ! di I 



20.663 I di I di* X .258 



9938 35768 

Reducing: p =z 1 in which, 

di« di« 

when p z= 1, dx = 6.9" (area 37.40); 7" main required. 
p — %, di — 7.8" (area 47.78); 8" main required, 
p = 10, di = 4.5" (area 15.90); 4l^" main required. 

Application 2. — ^A 4-inch steam heating main 700 feet 
long is receiving steam at 15 lbs. gage pressure and deliver- 
ing it at a pressure 1% lower. What quantity of steam is 
being delivered? What quantity will be delivered if a drop 
of three pounds is allowed? 

W2 X 700 X .0027 



Solution. — .15 



(.1742 \ 
.0484 + I 
' ) 



1024 X .072 

.0919 W2 X 700 X .0027 

1024 X .072 \ .1736 



-ic - ,„ / 11.06 

■15 = = • *^ = \ = 7.9 lbs. per 

If ITQH 



min. Since with everything else constant the quantity of 
steam varies as the square root of the pressure drop, for 

three pounds drop 7.9 : V.TF as Wi : V F, whence Wi = 4.5 X 
7.9 = 35.6 lbs. per min. 

Application 3. — 7'he equivalent length of a 4- inch high 
pressure steam main is to be 1600 feet and it will be ex- 
pected to deliver 9000 pounds of steam per hour when the 
pressure is 150 lbs. gage. What pressure drop will be ex- 
perienced when delivering this amount? 
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Solution. — 9000 pounds per hour = 150 pounds per min- 
ute. At 160 lbs. ^agre pressure the steam density is .3635. 

.1742 \ 150 X 150 X 1600 X .0027 
then p = 



/ .1742 \ 
I .0484 + I 

V * ) 



1024 X .3635 

23.8 lbs. 

APPLICATIONS BY TABLE. 

To avoid the time and labor required in solving: Equa- 
tion 129, tables have been compiled and curves plotted. None 
of these time saving: efforts, however, have produced a -work- 
ing: scheme which is perfectly g:eneral, as all have at least 
two of the five variables constant. Thus, Table 39, Appendix, 
was compiled from Equation 129, upon the basis of a con- 
stant pressure drop, p' = 1 pound, and a constant pressure 
of 100 lbs. absolute in the pipe. When these tioo conditions ob- 
tain, values may be read directly from the table, but when the pres- 
sure or the pressure drop differs from these, corrective calculatioyis 
mrust be applied to the tabular values. 

As may be observed from the equation, the drop in pres- 
sure is proportional to the square of the pounds of steam 
flowing per minute (other items constant) and the amount 
delivered at cmy other pressure drop than that of the table, 
(1 pound) will be found by multiplying: the reading: from the 
table by the square root of the desired pressure drop in 
pounds. Also, since the weight of steam moved at the same 
velocity under any other absolute pressure is approximately 
proportional to the absolute pressures (other items constant), 
the amount delivered at any other pressure will be found by 
multiplying the reading from the table by the square root 
of the ratio of the absolute pressures. The use of the table 
will be made clear by the following checks of Applications 
1, 2 and 3 above. 

Check 1. Since the pressure in Application 1 is 100 lbs. 
gage and the table is calculated for 100 lbs. absolute, quan- 
tities of steam, before insertion into table, must be multi- 

,. , , / 100 

piiea Dy ^ Hence the check of that part of Applica- 

^ 115 

tion 1 having one pound drop is as follows: 

/ 100 

140 X -%/ — 130 lbs. corrected steam. In column 

^ 115 
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under 1000 feet, find by interpolation that 130 lbs. per min- 
ute corresponds to a diameter of 6.9; therefore a 7-inch main 
is required. Before bein^ ready to refer the quantity of 
steam to the table for checking that part having .5 lb. pres- 
sure drop, It is necessary to apply corrections for both pres- 
sure and pressure drop, thus. 



140 X 



/ 100 / 1 
■V X \ = 



185 lbs. corrected steam. Un- 



115 ' .5 

der 1000 feet, find by interpolation, that 185 lbs. per minute 
corresponds to a diameter of 7.8 = 8-inch main. 
Similarly the 10 lb. drop is corrected by 

,.. / loo / i 

140 X -%/ X A/ = 41.3 lbs. corrected steam. Un- 

' 115 ' 10 

der 1000 feet, find by interpolation, that 41.3 lbs, per minute 
corresponds to a 4% -inch main. 

Check 2. In Table 39, under 700 feet, at 4-inch diameter, 
the capacity of the main is given as 36.7 lbs. for the conditions 
of 100 lbs. pressure absolute and 1-lb. drop in pressure. The 



corrective factor for pressures is evidently 



V 



30 



100 



wise the corrective factor for pressure drop is-y' — 



15 



Llke- 



From 



/ 30 / .15 
these conditions the capacity is 36.7 X -*/ x A/ = 

^100 ^1 



7.8 lbs. per min. For the 3-lb. drop, the corrective calcula- 

/ 30 /"S" 



tions are 36.7 



= 35.5 lbs per min. 



100 



Check 3. In Table 39, under 1600 feet, at 4-inch diam- 
eter the capacity of the main is given as 24.4 lbs. for condi- 
tions of 100 lbs. pressure absolute and 1-lb. drop in pressure. 
The corrective factor for pressures increases this as follows: 



24 



.4 X^ 



165 
100 



= 31.3 lbs. per minute, being the capacity 



of the main at the problem pressure, but at the pressure drop of 
the taltle, 1-lb. Since capacities are proportional to the square 
root of the pressure drops, 

31.3 : 150 as vT~: Vp^hence p = 23 pounds drop. 
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It will be seen that the corrections, necessary because 
of the two items assumed constant, are always made to 
affect the quantity of steam involved, and upon analysis the fol- 
lowing general directions for finding^ either a required W, as in 
Application 2, or a tabular W, as in Application 1, will be 
found to hold. 

Required W X J pressure of tiibU- ^ J 

' pressure required ^ drop required 

Tabular W 
Actual Steam = Steam from Table X 



drop in table 



given drop 



V given pressure / 
X A/ 
pressure basis of table ^ drop in table 

Steam to be taken in Table = Actual Steam X 

V pressure basis of table / drop in tabl( 
X -v 
given pressure ' given drop 



198. Dripping the Condeniiation from the Mains ^— The 

condensation of the steam which takes place in the con- 
duit mains, should be dripped to the sewer or the return 
at certain specified points, through some form of steam 
trap. These traps should be kept in first-class condition. 
They should be inspected every seven to ten days. No pipe 
should be drilled and tapped for this water drip. The only 
satisfactory way is to cut the pipe and insert a tee with the 
branch looking downward and leading to the trap. The 
sizes of the traps and the distances between them can only 
be determined when the pounds of condensation per running 
foot of pipe can be estimated. 

199. Adaptation to Private Plants i — ^District steam heat- 
ing systems may be adapted to private hot water plants by 
the use of a "transformer." This in principle is a hot water 
tube heater which takes the place of the hot water heater 
of the system. It may also be adapted to warm air systems 
by putting the steam through indirect coils and taking the 
air supply from over the coils. 

200. General Application of the Typical DeBlgaf The 

following brief applications are meant to be suggestive of 
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the method only, and the discussions of the various points 
are omitted. 

Square feet of radiation in the district. — 

B» = 184500 X 170 -r- 255 = 123000 square feet. 

Amount of heat needed in the district to supply the radiation for 
one hour in zero weaiher. — 

Total heat per hour = 123000 X 255 = 31365000 B. t. u. 

Amount of heat necessary at the power plant to supply the radia- 
tion for one hour in zero weather. — ^Assuming 15 per cent, heat 
loss in the conduit (this is sligrhtly less than that allowed for 
the hot water two-pipe system, 20 per cent.), we have 
31365000 -^ .85 = 36900000 B. t. u. per hour. 

Totai exhaust steam available for heating purposes. — 
W, (max.) = (23100 + 8680) X 1.15 = 36547 pounds per hour. 
W, (min.) = ( 1490 + 8680) X 1.15 =f 11696 pounds per hour. 

Total B, t. u. available from exhaust steam per hour for heating. — 
Let the averag'e pressure in the line be 5 pounds g&ge and 
let the water of condensation leave the indirect coils in the 
residences at 140 degrrees. We then have from one pound of 
exhaust steam, by Equation 97, 

B. t. u. = .85 X 960 + 196 — (140 — 32) = 904 
AssuminiT this to be 900 B. t. u. per pound, the total available 
heat from the exhaust steam for use in the heating: system is, 
maximum total = 32892300 B. t. u. and the minimum total, = 
10526400 B. t. u. 

Square feet of steam radiation that can be supplied by one pound 
of exhaust steam at 5 pounds gage. — 

R, = 900 -T- (255 -T- .85) = 3. 

Total B. t. u, to be supplied by live steam. — 
B. t. u. (max. load) = 36900000 — 32892300 = 4007700 B. t. u. 
B. t. u. (min. load) = 36900000 — 10526400 = 26373600 B. t. u. 

Total pounds of live steam necessary to supplement the exhaust 
steam. — ^Let the steam be grenerated in the boiler at 125 
pounds gragre. With feed water at 60 degrees 

Max. load = 4007700 -i- 1164 = 3444 pounds. 
Min. load = 26373600 — 1164 = 22661 pounds. 

Boiler horse-power needed for the steam power units.— *A.s in 
Arts. 189 and 192. 

Bt. S. P, (max.) = 36547 X 1.2 -f- 34.5 = 1271. 
B,. S, P. (min.) = 11696 X 1.2 4- 34.5 = .407. 

Totai boiler horse-power needed in the plant. — Maximum load. 
B. H. P. (total) = 1271 + (3444 X 1.2 -^ 34.5) = 1391. 
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It will be noticed that this total horse-power is 157 
horse-power less than the corresponding Case 2 in Art. 192. 
This is accounted for by the fact that no steam is used up in 
work in the circulating pumps, also that the conditions of 
steam generation and circulation are slightly different. 1500 
boiler horse-power would probably be installed in this case. 

^ize of conduit mains. — ^Let it be required to find the diam- 
eters of the main system in Fig. 166 at the important points 
shown. Art. 169 gives the length of the mains in each part. 
Allow .3 pound of steam for each square foot of steam radia- 
tion per hour (this will no doubt be sufficient to supply the 
radiation and conduit losses). Try first, that part of the line 
between the power plant and A, with an average steam pres- 
sure in the lines of about 5 pounds gage and a drop in pres- 
sure of 1% ounces per each 100 feet of run (approximately 
5 pounds per mile). 25200 pounds per hour gives W = 420. 
The length of this part of the line is 200 feet and the drop is 
3 ounces, or .19 pound. 

420 / 100 
W (table) = X a/ = 2158 pounds 



20 



V.19 ^ 

which gives a 15 inch pipe. 

Following out the same reasoning for all parts of the 
line, we have 

TABLE XXXIX. 



DtoE 

500 
8000 
.47 
5 



Distance between points 

Radiation supplied, sq. ft 

Pressure-drop in pounds = p 

Diam. of pip© in inches, by table 



pp 

to A 


AtoB 


BtoO 


OtoD 


200 


500 


1500 


1500 


84000 


57000 


34000 


19000 


.19 


.47 


1.4 


1.4 


15 


13 


11 


9 



In general practice, these values would probably be 
taken 16, 14, 12, 10 and 6 inches respectively. Look up 
Table 39, Appendix, and check the above figures. 
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TEMPBRAT1JRB CONTROL IN HBATING SYSTBIHS. 



201. From temta that have been conducted on heating 
systems, it has been shown that there is less loss of heat 
from buildings equipped with automatic temperature con- 
trol, than from buildings where there is no such control. A 
uniform temperature within the building is desirable from 
all points of view. Where heating systems are operated, 
even under the best conditions without such control, the 
efficiency of the system would be increased by its applica- 
tion. No definite statement can be made for the amount of 
heat saved, but it is safe to say that it is between 5 and 20 
per cent. A building uniformly heated during the entire 
time, requires less heat than if a certain part or all of the 
building were occasionally allowed to cool off. When a 
building falls below normal temperature it requires an extra 
amount of heat to bring it up to normal, and when the in- 
side temperature rises above the normal, it is usually low- 
ered by opening windows and doors to enable the heat to 
leave rapidly. High inside temperatures also cause a corre- 
spondingly increased Radiation loss. Fluctuations of tem- 
perature, therefore, are not only undesirable for the occu- 
pants, but they are very expensive as well. 
i 202. Principles ol the System t — Temperature control 

' may be divided into two general classifications, — small plants 
and large plants. The control for sfnall plants, i. e., such plants 
as contain very few heating units, is accomplished by regu- 
lating the drafts by special dampers at the combustion 
chamber. This method controls merely the process of com- 
bustion and has no especial connection with individual reg- 
isters or radiators, it being assumed that a rise or fall of 
temperature in one room is followed by a corresponding 
I effect in all the other rooms. This method assumes that all 
the heating units are very accurately proportioned to the 
respective rooms. The dampers are operated by a motor 
I device which in turn is driven by springs or weights and 
! controlled by a thermostat and electric batteries. This 
I system of regulation may be applied to any system of heat. 



342 



HEATING AND VENTILATION 



I 



Thermosfof set on wa/f 
m room above 



Pig. 171 shows a typical appli- 
cation to a small steam boUer 
plant. Furnace systems reqiiire 
thermostatic control only ^• 
tween the room and the dam- 
pers; closed hot water, st^ 
and vapor systems, how(!W. 
should have additional reg^ 
tioh from the pressure witttf 
the boiler to the draft. Ojec»- 
sionally in the morning .the 
pressure in these systems m 
become excessive before the 
house is heated enough for the 
thermostat to act. With aich 
dual regulation no hot water 
heater or steam boiler would be 
forced to a dangerous pressure 
Fig. 172 represents a staudard 
form of the thermostat supiii«i 
pjg 171 by the Andrews HeatingCo 

and the Minneapolis Regulator Co. The complete regijator 
has in addition to this, two cells of open circuit batter^pd 
a motor box (Fig. 171), all of which illu^*te 
very well the thermostsftic damper contr 
The thermostat operates by a dlfCe 





;ial 



expansion of the two different metalsi© 



Fig. 172. 



posing the spring at the top. Any chaj 
temperature causes one of the metals 
pand or cont?ract more rapidly than th< 
and gives a vibrating movement to the 
ing arm. This is connected with the bj 
and with the motor In such a way thj 
the pointer closes the contact with el1 
of the contact posts, a pair of magnel 
motor causes a crank arm to rotate 
180 degrees. A flexible connection bet^ 
crank and the damper causes the ds 
open or close. A change In tempeii 
the opposite direction makes contact 
other post and reverses the movemei 
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Pig. 173. 



crank and damper. The 
movement of the arm be- 
tween the contacts is very 
small thus making: the 
thermostat very sensitive. 
No work is required of the 
battery except that neces- 
sary to release the motor. 

Occasionally it is desira- 
ble to connect small heat- 
ing plants having only one 
thermostat in control, to a 
central station system. Fig. 
173 shows how the supply 
of heat may be controlled 
by the above method. 

Temperature control in large 
plants, i. e., those plants 
having a large number of 
heating units, is much more 
complicated. The following 
discussion will apply espe- 
cially to hot water and 
steam systems, and will be 
additional to the control at 
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eter and a scale for making adjustments. Each radiator is 
provided with a union diaphragm valve having a specially 
prepared rubber diaphragm with felt protection. This valve 
replaces the ordinary radiator valve. One of these valves is 
used on the end of each hot water radiator, one on each one- 
pipe steam radiator and two on each two-pipe low pressure 
steam radiators. This last condition does not hold for two- 
pipe steam radiators with mechanical vacuum returns, in 
which case patented specialties are applied by the vacuum 
company. In such cases the supply to the radiator only is 
controlled. In any firfet class system of control, the tempera- 
ture of the room may easily be kept within a maximum 
fluctuation of three degrees. 

204. Some Special Deslnrnii of Apparatus i — All tempera- 
ture control work is solicited by specialty companies, each 
having a patented system. In the essential features these 
systems all agree with the foregoing general statements. 
The chief difference is in the principle upon which the ther- 
mostat, Th, operates. 

Pig. 176 shows sections through the intermediate and 
positive thermostats manufactured by the Johnson Service 
Company, Milwaukee. The interior workings of the ther- 
mostats are as follows: Intermediate. — Air enters at A from 
the supply tank, passes into chamber B and escapes at port 
f". If thermostatic strip T expands inw^ard to close C, the 
air pressure collects in B and presses down port valve V, 
thus opening port E, letting air through into F and out at O 
to close the damper. When T expands outward, pressure at 
fi is relieved and V is forced back by a spring, closing E. 
Air In F reacts against the diaphragm and escapes through 
hollow valve V at IT, permitting the damper to open. " Post- 
tire. — Air enters at A, passes into chamber B and escapes 
at C. If thermostatic strip T expands inward to close C, air 
pressure collects in B, forces out the knuckle joint K and 
operates the three-way valve V, thus shutting port E and 
opening port F, letting air escape and radiator valve open. 
When T expands outward, pressure at B is relieved, knuckle 
joint K returns, pulling Y outward, thus shutting port F, 
opening E, letting air escape through (/ and shutting off 
radiator valve. 

The real thermostat is the spring T. This is composed 
of steel and brass strips brazed together. Because of a 
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higher coefficient ol expansion in the brass than In the 
steel, a. change In the room temperature causes the spring 
to move toward or away from the seat C. T Is adjustable 
for any desired room temperature. The Intermediate ther- 
mostat Is used on Indirect heating where mixing dampers 
are employed and where an Intermediate position ot the 
valve Is necessary. The positive thermostat la used on direct 
radiators and colls where a full open or full cloaefl move- 
ment of the valve 1b desired. 

INTERMEDIATE 



Fig. 17B. 

Fig. 177 shows a section through pattern K thermo- 
stat, manufactured by the Powers Regulator Co., Chicago, 
This thermostat consists of a frame carrying two corrugated 
disks, brazed together at the circumference and contalnine a. 
volatile liquid having a boiling point at about 60 degrees F. 
At a temperature of about 70 degrees, the vapor within 
the disks has a pressure of about fi pounds to the square 
inch. This pressure varies with every change of tempera- 
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tura and produces variations In the total thickness of the 

The compressed air enters at S and passes into chamber 
a through the controlling valve J. which is normally held to 
Its seat by a coll spring: under cap P. Within the flange li 
Is located an escape valve L upon which the point of the 
supply valve J rests. Valve L tends to remain open when 
permitted by reason of the aprlngr underneath the cap. When 
the temperature rises sufficiently to cause the disks to in- 
crease in thickness and move the flange U. the first action 
ia to seat the escape valve L, its spring- being weaker than 
that above J. If the expansive motion is continued after 



Fig. 177. 
lalve L is seated, the valve J is then lifted from its seat 
snii compressed air flows into the chamber If. As the 
»lr accumulates In chamber A', it exerts a pressure upon the 
flastlo aiaphragm K in opposition to the expansive force of 
the disk. So. whenever there is sufficient pressure' in ^ to 
tialance the power exerted by the disks, the valve J returns 
to Its seat and no more air is permitted to pass through. 
If the temperature falls, the pressure within the disks he- 
roines less, the disks draw together and the over-balancing 
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ovemenC oF Che flange M and 
;r the Influence of its spring 
n a. portion of the air In If 
Is discharged until the pressure In V becomes equal to the 
diminished pressure from the disks. Thus the pressure of 
the air In N Is maintained always in direct proportion to tUe 
expansive power (temperature) of the disks. Port / con- 
nects with chamber X and leads to the diaphragm valve. 

This thermostatic valve controls the regulator valve by 
a graduated movement and is used on the dampers for 

Is designed for steam systems. 

Fig. 178 shows the positive and graduated thermostats 
as manufactured by the National Regulator company, Chi- 
cago, The thermostatic element in these thermostats Is the 
vulcanised rubber tube A, which changes its length with the 
varying room temperatures and causes the valve O to open 
or close the port «, thus controlling the supply of air to 
POSITIVE INTERMEDIATE 
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room temperature is above the normal, port G closes and the 
air pressure collects in the tube, thus creating" a pressure 
in the line leading to the radiator valve and closing it. If 
the room temperature falls below the normal, port O opens, 
air is exhausted from the tube to the atmosphere, the pres- 
sure on the radiator valve is released and the valve opens. 
The intermediate thermostat differs from the positive ther- 
mostat in having but one air line. Room temperatures 
below the normal contact tube A, open port O, and exhaust 
the air to the atmosphere. With this release in pressure, in 
the pipe at P the regulating damper is turned to admit 
more warm air into the room. With the room temperature 
above the normal, tube A expands, port G closes, pressure in 
pipe P increases and the regulating damper is turned so as 
to admit a lower temperature of air in the room. By means 
of this a graduated movement of the damper is obtained. 



CHAPTER XV. 
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In the present state of the heating business it seems 
almost unnecessary to discuss electrical heating. In any 
serious way, in connection with steam power plants. The 
reasons will be seen in the following brief discussion. 
Electrical heating can appeal to the public only from the 
standpoint of convenience, since a comparison of economies 
between steam, hot water or warm air heating on one hand, 
and electrical heating on the other, is wholly against the 
latter. Its application to the process of heating will And 
its greatest economy in connection with wsiter power plants 
where the combustion of fuel is eliminated from the prop- 
osition. This discussion will not bear in any way upon the 
water power generator. 

205. Bquations Employed in Electrieal Heatinir DesiKni— 
1 H. P. = 746 watts. 

1 H. P. = 33000 ft. lbs. per min. = 1980000 ft. lbs. per hr. 

1 B. t. u. = 778 ft. lbs. 

1 H. P. hr. = 1980000 -^ 778 = 2545 B. t. u. per hr. 

1 H. P. hr. = 746 watt hours = 2545 B. t. u. per hr. 

1 watt hr. = 3.412 B. t. u. per hr. 

1 watt hr. = 3.412 -j- 170 = .02 sq. ft. of hot water rad. 

1 watt hr. = 3.412 -7- 255 = .0134 sq. ft. of steam rad. 

1 kilo-watt hr. = 20.1 sq. ft. of hot water rad. (130) 

1 kilo-watt hr. = 13.4 sq. ft. of steam fad. (131) 

206. Comparison betvreen Electrical HeatinfT iuid Hot 
Water and Steam Heatings — The loss in transmitting elec- 
tricity from the generators through the switchboard to the 
radiators may be small or large, depending upon the condi- 
tions of wiring, the current transmitted and the pressure on 
the line. In all probability it would equal or exceed the 
transmission losses in hot water or steam lines. Assuming 
these losses to be the same*, a fair comparison may be made 
in the cost of heating by the various methods. The operat- 
ing efficiency of an electric heater is 100 per cent., since all 
the current that is passed into the heater is dissipated in 
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the form of heat and no other losses are experienced. This 
is not true of steam systems where the water of condensa- 
tion is thrown away at fairly high temperatures. Where 
electricity or steam is generated and distributed all In the 
same building, there is no line loss to be accounted for, 
since all of this heat goes to heating the building and counts 
as additional radiation. 

Equations 130 and 131 show the theoretical relation 
existing between electrical heating and hot water and steam 
heating compared at the power plant. The following dis- 
cussion is based, therefore, upon the assumption that 1 kilo- 
watt hour, in an electric radiator, will give off the same 
amount of heat as 20.1 and 13.4 square feet of hot water and 
steam radiation respectively. With coal having 13000 B. t. u. 
per pound and a furnace efficiency of 60 per cent., it will 
require 3412 -j, 7800 = .44 pound of coal per hour. If coal 
costs $2.00 per ton of 2000 pounds, there will be an actual 
fuel expense of .044 cent. On the other hand, assuming the 
combined mechanical efficiency of an engine or turbo-gener- 
ator set to be 90 per cent., the heat from the steam that is 
turned into electrical energy per hour is 1000 -~- .90 = 1111 
watts, for each kilo-watt delivered. Now if this unit has 
15 per cent, thermal efficiency, we have the initial heat in 
the steam equivalent to 1111 -t- .15 = 7400 watt hours. From 
this obtain 7400 X 3.412 = 25249 B. t. u. per hour; or, 25249 -^ 
7800 = 3.2 pounds of coal per hour. This, at the same rate 
as shown above, would be worth .32 cent. Comparing, the 
electrical generation actually costs 7.2 times as much as the 
other. This comparison has dealt with the fuel costs at the 
plant and has not taken into account the depreciation, labor 
costs, etc., the object being to show relative efficiencies only. 

Another way of looking at this subject is as follows: a 
fairly large turbo-generator set (say 500 K. W.) will deliver 
1 kilo-watt hour to the switchboard on 20 pounds of steam. 
With 10 per cent, additional steam .for auxiliary units, this 
amounts to 22 pounds of steam per kilo-watt hour at the 
switchboard. One pound of steam generated in a plant of 
this kind with the above efficiencies and value of coal, also 
with a steam pressure of 150 pounds and a good feed water 
heater, will give to each pound of steam approximately 1000 
B. t. u. This makes 22000 B. t. u. or 2.8 pounds of coal re- 
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quired to each kilo-watt output. This is about 10 per cent, 
less than the above flgrures. 

The ratio of 7 to 1, as shown in the above efficiencies, 
does not seem to hold grood in the selling price to the con- 
sumer. In round numbers, district steam and hot water 
heating* systems supply 25000 B. t. u. to the consumer for 
one cent. The cost for electrical energy to the consumer is 
between 6 and 7 cents per kilo-watt. This gives 3412 -i- 
6.5 = 525 B. t. u. for one cent. Comparing with the above, 
gives a ratio of 48 to 1. 

207. Tlie Probable Future of Klectrlcal Heatlngrt — Be- 
cause of the low efficiency of electrical heating as compared 
with other methods of heating, it is very probable that it will 
not replace the other methods in sections of the country- 
having severe or changeable climate, except in so far as the 
convenience of the user is the principal thing sought for, and 
the expense of operating a minor consideration. 

On the other hand, in limited sections of the country 
where conditions are favorable (sections of the Pacific Coast 
for example), heating by electricity is rapidly increasing:. 
Hydro-electric power at a low rate and a climate that re- 
quires only a small amount of heat in the buildings, morn- 
ing and evening, make electric heating an actual economy. 
In such a climate the cumbersome coal and oil burning steam 
and water heating systems would be inappropriate, while 
the starting and the banking of fires when not needed would 
be a wasteful process. 

While in most cases electricity will be barred from the 
usual heating and laundry processes, it will continue to be 
increasingly used in those household economies where tem- 
peratures are needed above 250", such as percolators, grills, 
toasters, broilers, plate warmers, ranges and ovens. Electric 
ovens in bakeries are being employed because they occupy 
much less space than the brick oven of same capacity, are 
light in weight, are more cleanly, can be regulated more 
easily and use the heat generated much more effectively. 



•V,i»-rT»i 



CHAPTER XVI. 



RBFRIGBRATION. 



DESCRIPTION OF SYSTEMS AND APPARATUS. 

308. General Divisions of the Subject: — The rapidly in- 
creasing demand for the cold storage of food products, the 
production of artificial ice and the cooling of buildings have 
developed for the heating engineer a broad and inviting 
field, namely, refrigeration. A municipal electric* or pump- 
ing station virith a district heating plant to utilize the ex- 
haust steam in winter and a refrigeration plant to utilize 
the same in summer furnishes a unique opportunity for 
economic engineering. One application of the above princi- 
ple where a 10-ton ice plant of the absorption type was so 
operated in a town of 3500 population and earned a dividend 
of 13 per cent, on the investment, is proof, if any is needed, 
that the field is an intensely practical one. 

As in heating systems there must be sources of heat, 
circulating medmms, distributing systems and delivering 
systems whereby the carriers give up their heat at the 
proper places in the circuits, so in refrigerating systems 
there must be sources of minus heat or of heat abstraction, 
circulating mediums, distributing systems and receiving sys- 
tems whereby the carriers take up heat at the proper places 
in the circuits from articles or rooms that are being cooled. 
The carriers (circulating mediums), and the receiving and 
transmitting of the heat to and from them present no special 
difficulties or great diversity of practice, but in the methods 
of producing and maintaining the sources of minus heat 
there are considerable differences and numerous methods. 

209. netrigerating Systents may be divided into two 
groups, those producing cold by more or less chemical action 
between ingredients upon mixing, called chemical systems, and 
those producing cold by the evaporation of a liquefied gas 
or the expansion of a compressed gas, called mechanical sys- 
tems. Chemical systems are used only occasionally in com- 
mercial work, but are frequently found in small sized plants 
for domestic purposes. Low first cost and convenience of 
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handling: are the principal advantages. This division In- 
cludes the simple melting of ice and the mixing: of ice and 
salt for temperatures as low as to — 5 degrees. The latter 
is much used in domestic processes for the production of 
table ices. etc. Other ingredients used in the mixtures "with 
the corresponding temperature drops which may be ex- 
pected are given in Table 58, Appendix. The chemical 
method of producing cold is occasionally used to' maintain 
low temperatures in storage rooms while repairs are being: 
made upon the regular machinery. The chemical methods 
of cooling are so simple in principle that they will not be 
discussed further in this work. Mechanical systems include 
all the practical methods of commercial refrigeration. These 
are, the vacumn system, the cold air system, the compression system 
and the absorption system. 
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210. Vacuum Systems: — This system was formerly of 
some importance but of late years has given place to other 
and more efficient methods. Pig. 179 shows a vacuum sys- 
tem in diagram. If a spray of water 
or brine is injected into a chamber 
that contains pans of sulphuric acid 
and is kept at a partial vacuum of 
one or two ounces, ftie acid absorbs 
the water vapor from the spray, thus 
assisting in maintaining the vacuum 
and lowering the temperature of the 
remainder of the spray. The vapor- 
ization of the part that is absorbed 
by the acid requires heat. This 
heat is taken from the liquid of the 
spray that is not absorbed, conse- 
quently the temperature of the re- 
maining liquid is lowered. In a 
system of this kind a temperature 
of 32 degrees may easily be ob- 
tained. The water or brine after 
cooling is then circulated througli 
the coils of the cold storage room 
where it takes up the heat of the room and contents and 
returns to the vacuum chamber to be again partially evapo- 
rated and cooled. 
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211. Cold Air System I — The cold air system is used prin- 
cipally on ship board. Fig. 180 shows diagrammatically the 
parts and the operation of the system. The cycle has four 
parts, compression in one of the cylinders of the compressor, 
cooling in the air cooler by giving off heat to the cold water 
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thus removiner the heat of compression, expansion in the sec- 
ond cylinder of the compressor thus cooling the air, and 
^^rigeraHon in the cold storage room where the heat lost dur- 
ing expansion is regained from the articles in cold-storage. 
Cold air machines work at low efficiencies because of the 
necessarily large cylinders and their attendant losses due 
to clearance, heating of the compression cylinder, snow in 
the expansion cylinder and friction. The system has much 
to recommend it, however, since it is extremely simple, occu- 
pies a very small space compared with other systems and 
uses no costly gases, chemicals or supplies. 

212. The Compression and the Absorption Systems have 
in common this fact — both use a refrigerant, i. e., a liquid hav- 
ing a comparatively low boiling point. Perhaps the most 
common refrigerant is anhydrous ammonia, which boils at 
atmospheric pressure, at 28.5 degrees below zero and in 
^oing so absorbs as latent heat 573 B. t. u. Table 59, Ap- 
pendix, gives further properties. Other refrigerants used 
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to a lesser extent are sulphur dioxide, SO2, which boils at 
— 14 degrees under atmospheric pressure 'with a latent heat 
of 162 B. t. u. and carbon dioxide, CO2, which boils at — 30 
degrees under a pressure of 182 pounds per square inch 
absolute with a latent heat of 140 B. t. u. A comparison of 
the temperatures and pressures of four common refriger- 
ants is given in Table 64, Appendix. Pictet's fluid is a mix- 
ture of 97 per cent, sulphur dioxide and 3 per cent, carbon 
dioxide. 

A choice of a universal refrigerant can scarcely be made 
because of the varying conditions of individual plants. The 
principal difficulty with the use of sulphur dioxide is the 
fact that any water uniting with it by leakage immediately 
produces sulphurous acid with its corroding action upon all 
the iron surfaces of the system. This same objection holds 
also for Pictet's fluid. The objections to the use of ca<bon 
dioxide are, first, its comparatively low latent heat, and 
second, the high pressure to which all parts of the apparatus 
and piping are subjected. Pressures of from 300 to 900 
pounds per square inch are very common. Perhaps the worst 
charge that can be made against ammonia as a refrigerant 
is that it is highly poisonous and corrodes metals, particu- 
larly copper and copper alloys. However, the high latent 
heat of ammonia, together with the fact that its pressure 
range is neither so high as with carbon dioxide, nor so low- 
as with sulphur dioxide, are perhaps the chief reasons for 
the very general preference for ammonia as the commercial 
refrigerant in compression systems; while its great affinity 
for and solubility in water, are what make the absorption 
system a possibility. 

213. Compression System: — Compression machines may 
work well with the use of any one of the four refrigerants of 
Table 64, if the proper pressures and temperatures are ob- 
served and maintained. The common refrigerant for this 
type is, however, anhydrous ammonia, for reasons given 
above. Fig. 131 shows a diagrammatic sketch of the com- 
pression system. To follow the closed cycle of the ammonl<a, 
start with a charge being compressed in the cylinder of the 
compressor. From this it is conveyed by pipe to the con- 
denser which, being cooled by water, abstracts the latent 
heat of the refrigerant and condenses it to a liquid. From 
the condenser the liquid refrigerant is conveyed to the ex- 





FlK. 181. 
1 valve through which It expands into the evaporator 
or brine cooler. In changing from a liquid to a gas In the 
evaporator it absorbs from the brine an amount of heat 
equivalent to the heat ot vaporization ol the ammonia. 
Upon leaving the evaporator the refrlg-erant is again ready 
(or the cylinder ol the compressor, thus completlngr the 
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Fig. 182. 
If the refrigerant is ammonia, the compressor is com- 
monly of the vertical type, direct connecled to a horizontal 
CorllHB engine aa shown in Fig. 182. This type of com- 
preaaor combines the high efficiency of the Corliss engine 
with the vertical type of compressor which is probably the 
best type for reliable service of valves and pistons. The 
vertical compressor Is usually single acting with water 
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Fig, 183. 
jacketed cylinders. Horliontal oompressors are usually 
double acting', as shown In Fig'. IBS, where the prime mover 
la a. direct connected electric motor. Poppet valvea in this 
type are placed at an ansle of 30 desrees to 4S degrees with 
the center line of the cylinder, a construction made neces- 



Flg, 181. 
sary by space restrictions on the cylinder heads. Compres- 
sors for other retrlg:erants are commonly ot these same 
types, the main difference being that compressors for carbon 
dioxide systems are nearly always two-stage to produce 
high compressions. The Intermediate cooler pressures range 
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from 300 to 600 pounds per square Inch. Horizontal steam 
cylinders in tandem with the compressor cylinders are com- 
mon for the carbon dioxide systems and the compressor cyl- 
inders are usually singrle acting:. 

214. Condensers for Compression Systems are classi- 
fied under four heads, atmospheric condensers, concentric 
tube condensers, enclosed condensers and submerged conden- 
sers. An elevation of an at^naspheric condenser is shown in 
Fig. 184. As illustrated it consists of vertical rows of pipes 
so connected by return bands as to make the hot refrigrerant 
pass through each pipe begrinning: at the top, while the cold 
water main at the top of the row furnishes a spray of water 
which trickles over the outside of the pipes. The gas on 
the inside of .the pipes is thus cooled by the extraction of 
the quantity of heat that is used in raising the temperature 
of the water and evaporating a part of it. The complete con- 
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denser may consist of any required number of these vertical 
rows, placed side by side, each row properly connected to 
the hot gas header and to the liquid header. 

An elevation of one section of a concentHc tube condenser is 
shown in Fig. 185. The arrows show the paths of the gas 
a-nd water. As in the atmospheric type the gas enters at the 
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top and the liquid is drawn off below. In its descent it 
passes through the annular space between the two concen- 
tric pipes and is cooled by the atmosphere on the outside of 
the larger pipes and by the water circulating through the 
inner pipes. This condenser has the advantage over the sim- 
ple atmospheric condenser in that the water may be made to 
have an upward course through the apparatus, thus- bring- 
ing the coldest water in contact with the pipes carrying the 
liquid rather than with the pipes carrying the hot gas. 
Since the efficiency of the plant as a whole is very largely- 
dependent upon the temperature of the liquid at the expan- 
sion valve this matter of the "counter flow" of the cooling 
water is an important one. For the medium sized and large 
compression systems this form of condenser is used almost 
without exception. 

The enclOHvd condenser (Fig. 186) is very similar to the sur- 
face coil condenser in steam engine 
plants. It consists of a cylindrical 
chamber with a number of concen- 
tric pipe spirals connecting a hot 
water header at the top with a cold 
water header at the bottom of the 
cylinder. The pipes of the spirals 
are provided with stuffing boxes 
where they pierce the upper and 
lower heads of the cylinder. "With 
this condenser a counter flow^ of 
the water is used, the cold water en- 
tering the bottom of the coils and 
flowing upward, so that the liquid re- 
frigerant at the bottom of the cylin- 
der is very near the temperature of 
the incoming water. 

A submerged condenser, as the name 
implies, contemplates a rather large 
body of water below the surface of 
which there is submerged a coil for 
circulating the hot refrigerant. Fig-. 
f 187 shows a section of such a con- 
Fig 186 denser. The hot gas enters at the 

top fitting of the coil and leaves at 
lower fitting. Cold water is constantly fiowing in at the bot- 
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lorn o( the tank and leaving by the overflow at the top. being; 

heated as It rises. The form of the coil la usually spiral. 

altboush thia condenaer may be built with coila of the re- 
._ _ . turn bend type when 

larger Burtaoe is re- 
quired. Only the amali- 
er compression plants 
use the encloaed or the 
submerged type of con- 
denser. 

In general, con- 
densers may be conaid- 

i the economy of com- 
i pression plants. They 
must be reliable In 
service and economical 
In operation, and must 
be so designed and 
proportioned that they 
will deliver liquid re- 
frigerant within five 
degrees of the tem- 
perature of the tncora- 
Flg. 137, '"^ cooling water. A 

condenaer should pre- 
sent all Joints, particularly those holding the refrigerant, to 
plain view for eaay Inspection and repair. Since it Is the func- 
tion of the condenser to dissipate Che heat of the refrigerant 
gas. It Is not tincommon to Install It upon the roof or out- 
side the building In some cool place. This Is especially true 
I where the atmospheric or the concentric tube types are 
: UBed. In such positions the heat radiated by the condenser 
I la not given back to the rooms and piping systems. In addl- 
I tiqn, the cooling action of the atmosphere assists in making 
the system more efficient. 

I 

SIS. BvaporBlora for compression systems may be con- 
sidered as condensers, reversed in action but very slmll^'' 
I In form. If the refrigerating effect is accomplished by the 
brine cooling system an evaporator of some type will be 
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neceiBary, but il the refrigeration is accomplished by circu- 
lating- the expanding refrigerant Itself, no evaporator Is re- 
quired. Bvaporators, or brine coolers, may be classified 
according to the method of construction, as shell coolers and 
concentric tube coolers. 

The aketl rooler takea various lormH. One IH shown by 
FlK. 18«, being In eflect an enclosed condenser with brine 
Instead of cold water circulating In the coIIb. The heat of 
the brine Is transferred to the cool liquid refrigerant, caus- 
ing the refrigerant to evaporate and take from the brine 
an amount ot hejit equal to the latent heat of the refriger- 
ant. The proper height to which the liquid refrigerant 
should be allowed to rise In the evaporator is a very much 
disputed point, some old and experienced operators claim- 
ing greatest efticlency when about one-third of the cooling- 
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pressor to prevent any liquid h 

pressor cylinder. This separate 

may collect therein, back Into the evaporator. In the flooded 

system the brine cooler more commonly takes the form 

shown in Fig. 1B8, where at the end A D ot the brine tank 

ABCD Is shown the flooded cooler E. This cooler consists 
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of a boiler shell filled with tubeSj the brine circulatiner 
througrh the inside of the tubes while the interior of the 
large shell is nearly or quite filled with liquid refrigerant. 

Concentric tube trine coolers are made of piping very similar 
in principle to that shown in Fig. 185, with the exception 
that instead of two concentric pipes, three are more com- 
monly employed. The brine circulates through the inner- 
most of the three and through the outermost, while the 
annular space between the smallest pipe and the middle 
pipe is traversed by the liquid refrigerant. In this way 
the annular space filled with refrigerant has brine on both 
sides and the cooling of the brine is very rapid. The numer- 
ous joints in this cooler present a constant source of trouble. 
Salt brine will usually freeze in the inner pipe, so that cal- 
cium chloride brine must be used. 

A choice of evaporators or coolers depends mainly upon 
whether the plant is to run continuously or intermittently. 
When run continuously only a small amount of brine is 
required, and this, when cooled quickly and circulated 
quickly, would call for a concentric tube cooler. When run 
intermittently a much larger body of brine is desirable so 
as to remain cool longer during the night hours when the 
plant is not operating. . For this condition a shell type 
cooler would probably be preferred. 

In addition to the condensers and evaporators that were 
described in detail, there are to be found on the well equip- 
ped compression system the following pieces of apparatus 
which will be mentioned and described only briefiy. An oil 
separcLtor is commonly found in the line connecting the con- 
denser with the compressor. This is simply a large cast 
iron cylinder with baffle plates to separate the oil from the 
ammonia. Since the oil is heavier than the ammonia it set- 
tles to the bottom and may be drawn off. An ammonia scale 
strainer is often found just before the compressor intake. 
Small purge valves are located at all high points in the 
system for the purpose of exhausting the foul gases or the 
air which may collect in the system. Such a purge con- 
nection is shown on the right end of the upper coil in 
Fig. 184. 

216. Pipes* Valves and Flttinga for compressor refriger- 
ant piping are considerably different from the standard types. 
If the refrigerant is ammonia, no brass enters into the de- 
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sign of any part of the piping or auxlllarlea traversed by the 
ammonia. The operating principles of all valves are the 
same hb standard ones but they are made heavier and en- 
tirely of Iron, or Iron and aluminum. The common threaded 
Joint used on a.11 standard jlttlngs Is replaced In ammonia. 
Hystema by the bolted and packed Joint. It Is not within the 
scope o( this work to go Into these details further than to 




Fig. 189. Fig. 190. 

217. Alnarpllon Syatemi — As stated In Art, 190. the 
great affinity of ammonia g:as for water and Ita solubility 
therein, are what make the absorption system^ possibility. 
and give It the name as well. At atmospheric pressure and 
50 degrees temperature one volume of w 
about 900 volumes of ammonia gas. At atmospherii 
sure and 100 degrees temperature one volume c 
wilt absorb only about one-half as much gas, or 
umes. It then, one volume of water is saturated e 
greee with ammonia gas and heated to 100 degrees there 
win be liberated about 4&0 volumes of ammonia gas. Hence 
it Is evident that a stream of water may be used as a con- 
veyor of ammonia gas from one place or condition to an- 
other, say from a condition of low temperature and pres- 
sure where the absorbing stream of water would be cool, to 
a condition of high temperature and pressure, where the 
gas would be liberated by simply heating the water. It will 
be noticed that the gas has been transferred as a liquid 
without a compressor or any compressive action, by pump- 
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ingr a stream of water of approximately one-four hundred 
and fiftieth of the volume of the gas transferred. This, in 
the abstract, is the method employed in the absorption 
system to convey the ammonia gas from the relatively low 
temperature and pressure of the evaporator to the high 
temperature and pressure at the entrance of the condenser. 
The absorption system, when closely compared in prin- 
ciples of operation to the compression system, differs only 
in one respect, namely, the absorption system replaces the 
pas compressor by the strong and weak liquor cycle. As 

shown in Pig. 191, both sys- 
tems have arrangements of 
condenser, expansion valve 
and evaporator that are iden- 
tical, hence the part of the 
cycle through these need not 
be considered. The problem 
of completing the cycle from 
evaporator t o condenser, 
however, is solved quite dif- 
ferently in the two systems. 
In the compression system 
(upper diagram) the evapo- 
rator delivers the expanded 
gas to the compres- 
sor, from which, 
under high pres- 
sure and tempera- 
ture, it is delivered 
to the condenser 
and the cycle is 
completed. In the 
absorption system 
(lower diagram) 
*o the evaporator de- 
livers the expanded 
gas to an absorber, 
in which the gas 
comes in contact 
with a spray of so- 
called weah liquor, 
about 15 to 20 per cent. 




consisting of 
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Fig. 191. 
water containing 
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of anhydrous ammonia. The weak liquor absorbs the 
ammonia gas through which the liquor is sprayed and col- 
lects in the upper part of the absorber as strong liquor, contain- 
ing about twice as much anhydrous ammonia as the weak 
liquor, or 30 to 35 per cent. From here it is pumped througrli 
the exchanger (which will be ignored for the present) Into 
the generator at a pressure of about 170 pounds per square 
inch gage. In the generator heat is supplied by steam coils 
immersed in the strong liquor. As this liquor is heated it 
gives up about half of the contained animonia gas w^hich 
rises and passes from the generator to the condenser, thus 
completing the ammonia or primary cycle, while the weak 
liquor flows from the bottom of the generator through the 
exchanger and pressure reducing valve back to the absorber, 
thus completing the secondary or liquor cycle. 

In general then, the absorption system uses two cycles, 
that of the ammonia and that of the liquor, the paths of the 
two cycles being coincident from the absorber to the gen- 
erator. The liquor pump serves to keep both cycles in mo- 
tion. The pump creates the pressure for both cycles and 
the expansion valve and the reducing valve reduce the 
pressure respectively for the ammonia cycle and the liquor 
cycle. The exchanger does not mix or alter the condition of 
the two streams of liquor passing through it, for its only 
function is to bring these two streams close enough that 
the heat of the weak liquor from the generator may be trans- 
ferred to the strong liquor going to the generator. Stated in 
other words, the exchanger heats the strong liquor by cool- 
ing the weak liquor, thus affecting a saving of heat which 
would otherwise be lost, since the weak liquor must be 
cooled before it is ready to properly absorb the gas in the 
"absorber. 

218. An Blevatlon of an Absorption System with the 
elements piped according to what is considered best prac- 
tice is shown in Fig. 192. Starting at the expansion valve, 
the ammonia (liquid, gas or gas in solution) passes in order 
through these pieces of apparatus: the evaporator, the ab- 
sorber, the liquor pump, the chamber of the exchanger or the 
coil of the rectifier, the generator, the chamber of the recti- 
fier and the condenser back to the expansion valve. At the 
same time the liquor used to absorb the gas travels in order 
through these pieces: the absorber, the liquor pump, the 



REFRIGERATION 



chamber or th 


exchange 


r or the c 






ectifler. 


the 


generator, the 


preSBure r 


educln 








coll of 


th« 


exchanger back 


to the abs 


orber. 








pipe con 


nec- 


Hon shown is 


a very c 


mmon 








ome va 


rla- 


tion may be fo 




ally in the 






uae of 


ool- 


Ing water in c 


onaeeutive 


piece 








As ah 


wn, 


■he cooling wa 


er is flrat 


used 








Thla 


will 


be found so In 


all plants 


Fro 








the coollnB 


water may nex 


be taken 


to th 








own in 


the 


sketch, or it m 


y be uaed 


in th 






tead of 


the 


strong liquor. 


In recent 


years 








by-paasing 


a certain amou 


nt of the 


ool, a 






Ti the p 




through the re 


ctiRer ia 


aining In 




V.B 


162 ah 


^v. 


a. plant having 


bent coil 


onatr 




. Plants a 




uilt 



having a atraight pipe construction, where all coil surfaces 
shown are replaced by straight pipes, the condenser being 
usually of the concentric tube atmospheric type and the 
evaporator being, also of the concentric tube brine cooler 
type, as mentioned under compression systems. Both types 
of absorption plants are found In use. 
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210, Generators are claastfled as horizontal and verti- 
cal. Fig. 19S showH a hortaontal type generator, with th< 
analyier and eichang'er, and Fig. 194 shows the vertica 
type, also with the analyzer. The horizontal type may havt 
one or more horizontal cylinders equipped with steam coils 
The analyzer, which may be considered as an enlarged domt 
of the generator. Is used to condense the water vapor whicl 
rises from the surface ot the liquid In the generator. Tt 
do this the analyzer has a series o( horizontal balTle platet 
through which the Incoming cool, strong liquor tricklet 



Fig. 193. 
downward while the heated mlKture of ammonia gas and 
water vapor passes upward through Interstices. In this 
way the strong liquor gradually coolB the ascending water 
vapor and condenses much ot It on the surfaces of the 
bafFle plates. 

designed to thoroughly dry the gaa just before It passes 
Into the condenser. This is accomplished by presenting to 
the hot product of the generator just enough cooling sur- 
face to condense the water vapor without condensing any of 
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the ammonia gas, Rectlllers are 
very Bimllar In general dealgn to 

there betng atmosphertc, concen- 
tric tube, encloEed and aubmerged 
rectlflera Just as there are these 
same type of condenaers. each de- 
scribed under the head of con- 
densera for eompresston systeniH. 
Recti(lei% may aave heat by the 
aVrangement shown in FLg. 192. 
where the heat abstracted from the 

strong liquor before entering the 
generator. As shown, the strong 
liquor may be divided, part pass- 
ing through the rectifier and part 
through Ihe exchanger, or the 
strong liquor may all go through 
the exchanger first and 'then 
through the rectifier. Where 
strong liquor is so used, the recti- 
fier is always of the enclosed 
type. Rectifiers using water as 
the cooling medium are often 
called dehydrators. the term rec- 
tifier being more properly used 
when the cooling medium Is the 
strong liquor. 

221. Canden»erH for absorption 
systems do not differ in design 
from thoae used for comDression 
systems. The same types are used. 
and in the same manner, the sur- 
face being somewhat less due to 
the precooling effect of the recti- 
fiers or dehydrators. Aa a gen- 
eral statement. It Is claimed that 
from ZO to 25 per cent, less surface 
Is required In the condenser for an 
abaorption machine than ts re- 
quired in one for a compreaslon 
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222. Absorber* may be classified as dry absorbers, "viret 
absorbers, atmospheric absorbers, concentric tube absorb- 
ers and horizontal and vertical tubular absorbers. In the 
dry ahsorher, the top section of which is shown in Fig. 195, 

the weak liquor enters at the 
middle of the top header and 
is sprayed upon a spray pan, 
from which it drips downward 
over the coils. The gas enters 
as shown, part being delivered 
above the spray plate, so as to 
come into contact with the 
spray and the larger part being 
taken downward through the 
central pipe to a point near the 
bottom of the absorber, from 
which point it flows upward 
against the descending weak liquor by which it is absorbed. 
As the gas is dissolved by the weak liquor the heat of ab- 
sorption is given oflC, and taken up by the cooling water in 
the coils. The result is a strong liquor which collects in 
the absorber ready to be delivered to the pump. 

The wet absorber, on the contrary, has practically the 
whole body filled with weak liquor and the ammonia gas 
enters near the bottom, bubbling up through the weak 
liquor thus saturating it. Various baffle plates with fine 
perforations break up the gas into small bubbles thus aid- 
ing in presenting a large surface of gas to the liquor 
which, as it becomes saturated and lighter, rises to the top 
of the body of the absorber and is ready to be drawn off by 
the pump. Instead of spiral cooling coils, this type is often 
made with straight cooling tubes inserted between two tube 
sheets, boiler fashion. This straight tube construction is 
much simpler and cheaper, and much more easily cleaned 
than the spiral type. It is favored by some on this account, 
especially where the cooling water has a tendency to form 
scale. 

Atmospheric absorbers resemble atmospheric condensers of 
the single tube type. The ammonia gas and weak liquor 
enter the bottom through a fitting commonly called a mixer, 
and the two fiow upward through the inside • of the pipe 
while the cooling water is in contact with the outside thus 
taking up the heat of absorption generated within the pipes. 
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Concentric tube absorhera are very similar in design to con- 
centric tube condensers, the cooling water passing through 
the central tube and the weak liquor and expanded gas en- 
tering at the bottom of the annular space and circulating to 
the top, absorption taking place on the way. Because of the 
small capacity of the last two mentioned absorbers, it is 
necessary to use with them an aqua ammonia receiver be- 
tween the absorber and the ammonia pump, to act as a 
reservoir for storing a reserve supply of the strong liquor. 

Horizontal and vertical tubular absorbers are those in which 
the cooling surface is composed of straight, horizontal or 
vertical tubes inserted between tube sheets, the cooling 
water flowing inside the tubes and the absorption taking 
place within the drum or body of the absorber. 

223. Kxebangrers may be of two types, the shell type 
or the concentric tube type. The shell type, as the name im- 
plies, is composed of a main body or shell through which 
circulates the strong liquor to be heated and within this 
shell is a coil or other arrangement of heating pipes through 
which the hot, weak liquor flows. Fig. 192 shows the ele- 
mentary arrangement of such an exchanger. Concentric 
tube exchangers are used on large plants. They are similar 
in every way to the concentric tube condensers shown in 
Pig. 185, with the exception that larger pipes are needed 
for the exchangers. The cold, strong liquor is usually car- 
ried through the pipes and the hot, weak liquor through the 
annular space. The great advantage of this type of ex- 
changer is the same as that of the concentric tube con- 
denser, namely, the counter flow of the two streams. With 
this arrangement the total transfer of heat is a maximum, 
for which reason this type of exchanger is generally pre- 
ferred. 

224. Cooler* for the weak liquor are often found in 
plants. This piece of apparatus is not indicated in Fig. 192. 
It is usually installed as the lower three coils of the atmos- 
pheric condenser, and hence is simply a small condenser 
used to further cool the weak liquor just before its entrance 
into the absorber. With a counter flow, concentric tube ex- 
changer a weak liquor cooler is seldom found necessary. 

225. The Pump used in absorption systems to raise the 
pressure of the strong aqua ammonia may be steam driven, 
electric driven or belt driven, as best suits the particular 
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plant conditions. The power require^ by this piece of appa- 
ratus is about one horse power per 20 to 25 tons of refriger- 
ation capacity. 

226. Compressloii Systems and Absorption Systems Com— 
paredi — ^A comparison drawn between the compression sys- 
tem and the absorption system brings out the following- 
facts: The compression system depends fundamentally upon 
the transferring of heat energy into mechanical energy and 
vice versa, with the attendant heavy losses. The absorption 
system merely transfers heat from one liquid to another. 
This is a process which is attended by only moderate losses. 
The compression system is comparatively simple, its pro- 
cesses readily understood and its machinery easily kept in 
good running order. The absorption system is complicated 
with a greater number of parts, its processes are often not 
thoroughly understood by those in charge and its machinery 
is likely to become inefficient because heat transferring sur- 
faces are allowed to become dirty. For these reasons the 
attendance necessary upon an absorption plant must be of a 
higher order than that necessary for a compression plant. 

227. Circulating Systems t — The refrigerating effect pro- 
duced by either one of the two systems may be delivered to 
the place of application in two ways. The first is the brine 
circulation method wherein a brine cooler is used through 
which the brine flows causing the evaporation of the liquid 
refrigerant and the cooling of the brine. This cold brine is 
then circulated through pipes to the place where refrigera- 
tion is desired. Fig. 188 shows an evaporator placed in one 
end of a large brine tank. The refrigerating effect is car- 
ried to the cans of water by the circulation of this body of 
brine through the evaporator and out past the cans^ the cir- 
culation through the channels shown being maintained by 
the pump. Brine, commonly used for such work, is made by 
dissolving calcium chloride in water. A 20 per cent, solu- 
tion is generally used. Salt brine is used to some extent 
but it has many disadvantages compared with calcium brine. 
The second method is the direct circulation method wherein the 
liquid refrigerant is conveyed to the place to be cooled, is 
passed through an expansion valve and then circulated 
through coils in the space to be refrigerated, changing into 
gaseous form as fast as it can absorb enough heat. If 
ammonia is the refrigerant the direct circulation is not often 
favored because of its highly penetrative nature and odor. 
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even a -leak so small as to escape detection being sufficient 
to fill the refrigerated space with the odor, which many 
food stuffs will absorb. 

228. There are Three Metkoda Employed for Maintain- 
fmm liOw TemperatiireM in storage and other rooms. The 
first is by direct radiation where the pipes are placed within 
tlie room and the refrigerant is circulated through them. 
This is the oldest, simplest and cheapest system to install. 
In tliis the proper location and arrangement of the pipes are 
essential to the most efficient operation. Since the tempera- 
ture to be maintained in a storage room depends upon the 
products to be kept in the room, it may be necessary to have 
St considerable range of temperature. It is desirable to have 
the pipes arranged as coils in two or three sets, each being 
valved so that the amount of refrigerant being circulated 
may be increased or decreased as the temperature of the 
stored product may require. 

The pipes should be set out from the wall several inches 
to grive free air circulation and keep the frost that collects 
on them from coming in contact with the wall. The coils 
should be so placed that the temperature of all parts of the 
room may be kept as nearly uniform as possible. Some 
products keep as well in still air as when it is in motion, but 
others, such as fruits, eggs, cheese, etc., are better pre- 
served when the air is circulated. Circulation may be ef- 
fected in a room piped for direct radiation by putting aprons 
over the coils as shown in Fig. 196. These aprons consist of 

12 inch boards D nailed to 
studding E and the whole 
fastened to the coils, the 
studding serving to keep the 
boards from coming into 
contact with the pipe coils. 
A false ceiling F is placed a 
few inches below the ceiling 
of the room so that the 
warm air flows toward the 
pipes and over them, drop- 
ping to the floor and passing 
out under the lower edge of 
the apron into the room, 
used, drip pans should be 




Fig. 196. 
Wherever direct radiation is 
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placed directly underneath the colla in order to catch and 
drain otC the water when the coila are cut out and the frost 
meltB. This water should be drained into a receptacle that 
can be easily emptied when lllled. 

The second method of room i^oolingr is by indirect radiation. 
Let Vlg. IDT represent a section of a storage bulldlns- The 
essential parts of the coolingr system are, 
a bunlier room AC, in the top part o( the 
building, containing the cooling colls 
S, a series of ducts on either side of the 
building, so arranged that the air after 
passing over the cooling; coils, drops 
downward. These ducts are provided 
with dampers for admitting as much of 
the cold air to the rooms as la desired. 
On becoming warmed this air Is crowded 
out on the opposite side of the room into 
the ducts K and rises to the bunker- 
room where it is again cooled by passing 
er the coilB. By the use of the damp- 
9 the cold air may be cut off from any 
om or admitted In large quantities 

In the temperature at any point de- 
■ed. The ducts leading the air from 
e rooms should be 2K per cent, larger 
an the ones leading to the rooms and 
e latter should have about three square 



Fig. 197. 



celling. 

The third method is by means at a 
plenum system of air circulation. Fig, 198. The arrangements 
are quite similar to those of the plenum system for heating, 
except that the heating coils are replaced by the refrigerat- 
ing colls. The air required for ventilation la blown over the 
coll surface, erected In a, coll or bunker room, over which, 
oftentimes, cold water is sprayed. This not only washes 
the air but tends to lower its temperature. If ammonia Is 
used as a refrigerant, brine la circulated in the coils, but if 
carbon dioxide Is used direct expansion Is employed, thus 
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dispensing: with the use of 
brine. The principal advan- 
tage of the plenum system of 
coolingr is that a positive cir- 
culation of air may be main- 
tained in any room even though 
the bunker room be placed on 
the first floor or in the base- 
ment of the building. This is 
the system used in large build- 
ings that are cooled during the 
summer as well as heated dur- 
ing winter, in factories where changes of temperature seri- 
ously affect the product, as in chocolate factories, in fur 
storage rooms, in drying the air before it is blown into blast 
furnaces and in the solution of many other important eco- 
nomic problems. 

229; Influence of the Uew Point: — In cooling a building 
by means of a plenum refrigerating system, great trouble 
is experienced with the formation of ice on the coils. For 
example, suppose such a cooling system on a hot summer 
day is taking in air at 90 degrees temperature and 85 per 
cent, humidity. If this air is cooled only ten degrees (see 
chart, page 29), it will have reached its dew point and as 
the cooling continues will deposit frost and ice on the coils 
from the liberated moisture, the air meantime remaining at 
the saturation point and being so delivered to the rooms. The 
undesirable feature of delivering saturated air to the rooms 
may be avoided by cooling only part, say half of the air 
stream, considerably lowjer than the final temperature de- 
sired, and then mixing it with the other half, which is 
drier, before delivering it to the rooms. The troublesome 
coating of ice and frost on the pipes may be avoided by 
combining the cooling system w^ith the air washing system 
and using a brine spray instead of water for washing the 
air during cooling. The brine, which freezes at a very low 
temperature compared with water, plays over the cooling 
coils, and cleans both coils and air. The brine should pref- 
erably be a chloride brine. A modification of this method of 
avoiding ice and frost is to provide pans above the coils 
and fill them with lumps of calcium chloride. The pans 
hftve perforations so arranged that as the strong chloride 
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solution forms (due to the deliquescence of tha salt) it 
trickles down over the pipes and holds the freezing: point 
at any collecting moisture far below the temperature of the 
cotla, A sketch of this arrangement la shown in Fler- 199. 
which has the dlsadvantase of the clumsy handllnK of the 
calcium chloride. Plants operating only during the day, as for 



FlK. 199- 
Instance, auditoriums, commerce chambers, etc., often have 
no equipment for preventing the accumulation of frost and 
ice, it being allowed to form during the Bhortperlod of use 
and to melt during the period of rest. 

■4m. Pipe Line Refrlicentlonl— In a number of the 
larger cities refrigeration Is furnished to such places as 
cold storage rooms, restaurants, hotels, auditoriums, etc., 
by a conduit system or central station system. The length 
of the mains in the various cities where used, ranges from 
a few hundred feet to twenty miles and the circulating 
medium employed is either liquid ammonia or brine. In the 
ammonia system two pipes are used, one carrying the liquid 
ammonia to the place desired and the other returning it 
after expansion to the central station. When brine is used 
it Is good practice to circulate it at from 12 to IE degrees F. 
Occasionally the conduits carry three parallel pipes, two of 
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which are for circulating- the brine and the third is for 
emergency cases. The line should be divided into sections, 
with valves and by-passes so arranged that a defective sec- 
tion, could be repaired without interfering with the other 
parts. All. valves should be readily accessible and all high 
points in the system should be equipped with purge valves. 
The service pipes should be two inches in diameter and well 
insulated. 

Either the ammonia absorption or compression system 
may be used for cooling the brine but according to Mr. Jos. 
H. Hart, the latter, making use of direct expansion, is the 
most efficient and the one most commonly installed. The 
loss by radiation to the pipes in the conduits is not great but 
numerous mechanical difficulties are yet to be overcome. It 
would seem desirable to make the pipe-line system of cool- 
ing general for residence use but as yet it has not been 

found economical to cool build- 
ings using less than the 
equivalent of 500 pounds of re- 
frigeration in 24 hours. Al- 
though not an efficient method, 
it seems probable that cold air 
refrigeration by using balanced 
expansion may supersede the 
other systems. 

281. As a Final Application 
of refrigeration we may men- 
tion the cooling of the drinking 
water supply in large office 
buildings, hotels, etc. Usually 
this is simply a small part of 
the work of a large refrigerat- 
ing plant. Fig. 200 gives a dia- 
grammatic elevation of such an 
arrangement. 




Fig. 200. 
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232. Unit MeaMurement of Refrigeration t — Since the 
first efforts toward refrigeration employed the simple pro- 
cess of melting ice by the abstraction of heat from nearby 
articles, it is not surprising to find the accepted standard 
unit for expressing refrigeration capacities referred to the 
refrigerating effect of a Icnown quantity of ice. In fact, 
since the latent heat of fusion of ice is a constant, this 
furnishes an excellent basis for estimating refrigeration. 
The generally accepted unit of measure is the ton of refrigera- 
tion, which may be defined as the amount of heat (B. t. u.) which 
one ton of 2000 pounds of ice at 32 degrees, will absorb in melting to 
water at 32 degrees. Since the latent heat of ice is 144 B. t. u. 
per pound, one ton of refrigeration is equal to 288000 B. t. u. 
Just as a pumping plant is rated at a certain number of 
millions of gallons, meaning millions of gallons in twenty- 
four hours, so a refrigeration plant is rated in so many 
tons of refrigeration, meaning so many tons in twenty-four 
hours. Hence one ton of refrigeration capacity for one day 
is equivalent to 12000 B. t. u. per hour, this value beings the 
unit of refrigerating capacity, sometimes referred to as tonnage 
capacity, or refrigerating effect, and usually designated by T. 

233. Calculation of Reqnlred Capacity t — ^To estimate 
closely the tonnage capacity of a refrigerating plant for 
any certain store space requires specific attention to supply- 
ing the following losses: 

(a) The radiated and conducted heat entering the 
room. This may be. divided into that due to the walls and 
that due to the windows and sky-lights. 

(b) The heat entering by the renewal of the air, or 
ventilation of the enclosed space. This may be divided into 
heat given off by the air and heat given off due to the 
latent heat of the moisture. 

(c) The heat entering by the opening of doors. 

(d) The heat from the men at work, lights, chemical 
fermentation processes, etc. 

(e) The heat abstracted from material in cold storage. 
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Rerrlgeration losses due to entrance of riulialcd and con- 
ilucttd heat may be calculated by Equations 26, 27 and 28, 
Chapter III, It the proper transmission constants are in- 
Berted. To obtain these constants for various types o( In- 
sulation use Tables VI and XL., 
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Fig. 201. 
In general any space to be kept at or bi 
should have Insulation allowing no grea 
than .04, and for spaces to be kept at fron 
degrees no greater transmission should be 
while for temperatures above 30 degrees f 
great as ,1 Ib allowable. In any case, howi 
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remembered that the heat loss, and therefore the expense of 
operation, is directly proportional to this factor and the 
best possible insulation, consistent with available building 
funds, is the one to use, the ceiling and floor being as care- 
fully insulated as the walls. Window construction should 
be tight, non-opening, and at least double. 

The refrigeration loss due to ventilation -may be considered 
under two heads, i. e., the cooling of the air from the 
higher to the lower temperature, and the cooling, condens- 
ing and freezing of the moisture in the air. In this par- 
ticular, air cooling cannot be considered exactly the re- 
verse of air warming. In air warming the vapor present 
absorbs heat but this vapor has so little heat capacity com- 
pared with that of the air that no noteworthy error is intro- 
duced by ignoring the vapor. However, in air cooling the 
dew point is almost invariably reached and passed, so that 
considerable moisture is changed from the vapor to the 
liquid with a liberation of its heat of vaporization. This is 
considerable and cannot be ignored without serious error. 
If, further, conditions are such that this moisture is frozen. 
Its latent heat of freezing must also be accounted for. 
These two items are relatively so large that to cool air 
through a given range of temperature may involve several 
times the heat transfer required to warm the same air 
through the same range of temperature. 

Application. — Assume outside air 95 degrees, relative 
humidity 85 per cent., temperature of air upon leaving cool- 
ing coils 30 degrees and temperature of coil surface 10 de- 
grees. If 180000 cubic feet of air per hour are drawn in 
from the atmosphere, the refrigerating capacity of the coils 
may be obtained as follows. To cool the air from 95 degrees 
to 30 degrees will require (Equation 29), 
180000 X (95 — 30) 



= 212700 B. t. u. 



55 

At 95 degrees and 85 per cent, humidity one cubic foot of 

air contains, (Table 11, Appendix), .85 X 17.124 = 14.555 

grains of moisture. At 30 degrees and saturation one cubic 

foot of air contains, (Table 11), 1.935 grains. Hence there 

180000 (14.555 — 1.935) 
would be deposited upon the colls 



7000 

324.5 pounds of moisture per hour. Now there' would be 
absorbed from each pound of this moisture 
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32 B. t. u. to cool from 95 to 32 degrrees. 

1073 B. t. u. to change to liquid form. 

144 B. t. u. to freeze (if allowed to freeze on coils). 

11 B. t. u. to cool from 32 to 10 degrees. 



1260 B. t. u. total. 
Hence the coils 'would have to absorb from the moisture 
alone 1260 X 324.5 = 408870 B. t. u. per hour, or for both 
moisture and air, 212700 + 408870 = 621600 B. t. u. per hour. 
This indicates, for the ventilation proposed, a tonnage capac- 
ity of 621600 -4- 12000 = 51.8 tons of refrigeration needed at 
the bunker room coils. The above provides that the air is 
rejected at the interior temperature, 30 degrees. Modern 
plants, however, w^ould pre-cool the incoming air before it 
reached the bunker room by having part of its heat ab- 
sorbed by the outgoing 30 degree slIt, which would reduce 

the estimate somewhat below 51.8 tons. 

« 

In considering the refrigeration loss due to the opening of 
doors no rational method of calculation is applicable, but if 
the nature of the cold storage service is such that doors are 
frequently opened, as high as 25 per cent, may be allowed. 
Generally this is taken from 10 to 15 per cent. 

The refrigeration loss due to persons, lights, etc., may be 
estimated as sugrgrested in Art. 44. If the cooling air is 
recirculated, the cooling- and freezing of the moisture given 
off by each person should be taken into account, especially 
if the number is larg-e. For this purpose it is safe to assume 
a maximum of 500 grains of moisture given off per person 
per hour when such persons are not engaged in active phy- 
sical exercise. 

234. Calculations for Square Feet of Cooling Collt — This 
problem presents greater uncertainty in its solution than 
does the design of a heating coil surface because of the lack 
of experimental data and because of the variable insulat- 
ing" effect of ice and frost accumulations, if allowed to form. 
Professor Hanz Lorenz in "Modern Refrigerating Machin- 
ery," page 349, quotes 4 B. t. u. per square foot per hour per 
degrree difference between the average temperatures on the 
inside and outside of the coils, as a safe designing value 
when the air speed is 1000 feet per minute over the coils. 
This is for plants in continuous operation, as abattoirs, cold 
stores and in places where no provision is made against ice 
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formation. For clean pipe surface in the plenum air coolingr 
plant of the New York Stock Exchang^e Building the heat 
transmission is approximately 430 B. t. u. per square foot 
per hour with air over coils at 1000 feet per minute. Under 
the average temperatures there used, this corresponds to a 
transmission per degree difference per square foot per hour 
of approximately 7 B. t. u. These two values, 4 and 7, may 
be taken as about the minimum and maximum transmission 
constants for plenum cooling coll installations. 

For direct cooling coils, where the pipe surface is sim- 
ply exposed to the air of the room to be cooled, Lorenz 
recommends a transmission allowance of not over 30 B. t. u. 
per square foot per hour, for in such installations the re- 
moval of ice and frost is seldom contemplated. For an aver- 
age room temperature of 30 degrees and average brine tem- 
perature of 10 degrees, this would correspond to 30 -i- 20 =r 
1.5 B. t. u. transmitted per square foot per hour per degree 

* 

difference. 

Application 1. — How many lineal feet of 1^ inch direct 
refrigerating coils would be required to keep a cold stor- 
age .room at 30 degrees if the refrigeration loss is 80000 
B. t. u. per hour total and the temperatures of the brine en- 
tering and leaving the coils are 10 degrees and 20 degrees 
respectively? Average brine temperature = 15 degrees. Al- 
lowing a transmission constant of 1.5, Equation 51 becomes, 

H 

R^ - =: _ .0445 H 

1.5 (15 — 30) 
For this problem we have .0445 X 80000 = 3500 square feet, 
or 3500 X 2.3 = 8050 lineal feet of 1% inch pipe. 

Application 2. — The cooling of 180000 cubic feet of air per 
hour in Art. 233 required the extraction of 621600 B. t. u. per 
hour. Determine the plenum cooling surface required, if 
brine enters at degrees and leaves at 20 degrees. 

Average brine temperature = 10 degrees. Assuming: 

that there is provision for keeping coils clear of ice, and 

hence a transmission constant of 7 B. t. u. is allowable, 

Equation 65 gives 

621600 
Rr = rr — 1691 square feet of surface. 



(95 + 30 \ 
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Tlie negative sign indicates a flow of heat in the direc- 
tion opposite to the flow in heating installations, for which 
the equation was primarily designed. 

235. General Application t — Considering the school build- 
ing and the table of calculated results as given in Art. 155, 
what amount of cooling coil surface would be required to 
keep the temperature of all rooms of this building at 73 
degrees on a day when the outside air temperature is 95 
degrees and the relative humidity 85 per cent.? 

Oata Table XXXV gives the total heat loss of the three 

floors of this building as 1483250 B. t. u. per hour on a zero 

day -when the rooms are kept at 70 degrees. Now this same 

building under the summer conditions would have delivered 

to it heat due to a temperature difference of 95 degrees — 73 

degrees = 22 degrees. Hence the total refrigeration loss dur- 

22 

ing the summer day would be approximately X 1483250 =: 

70 

466000 B. t. u. per hour, which amount of heat would be used 
to w^arm the incoming air from some temperature up to 73 
degrees. Suppose the ventilation requirement of the build- 
ing is 2000000 cubic feet p#r hour. Since it requires Vsb of 
a B. t. u. to warm one cubic foot of air one degree, [2000000 
(73 — *)] -T- 55 =: 466000, OT t = 60.2, say 60 degrees. (See 
Arts. 50 and 51 and observe that the second term of the right 
hand member of Equation 36 becomes a negative term). 

While the air is traversing the ducts between the coils 
and the rooms, allow a rise in temperature of 5 degrees. 
The coils would then be required to deliver 2000000 cubic 
feet of air per hour at 55 degrees when supplied with air at 
90 degrees and 85 per cent, humidity. To cool this amount 
of air through the given range would require the absorption 
of (Equation 29) [2000000 X (95 — 55)] -r- 55 = 1454500 B. t. u. 
At 95 degrees and 85 per cent, humidity, 1 cubic foot of air 
contains (Table 11), .85 x 17.124 = 14.555 grains of moisture. 
At 55 degrees and saturation point, 1 cubic foot of air con- 
tains (Table 11), 4.849 grains of moisture. Hence, neglecting 
change in air volume, there would be deposited on the coils 
approximately [2000000 (14.555 — 4.849)] -^ 7000 = 2775 
pounds of moisture per hour. 

Now, if an average brine temperature of 10 degrees is 
used and provision is made for keeping the coils clear of ice, 
the condensation will leave at some temperature above 10 
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degrrees, say 20 degrees, and there will be absorbed from 
each pound of this moisture approximately 

20 B. t. p. to cool from 95 to 55 degrrees. 
1061 B. t, p. to change to liquid form at 55 degrees. 

36 B. t. u. to cool the water from 55 to 20 degrees. 



1116 B. t. u. total. 
Hence the coils would have to absorb from moisture alone, 
2775 X 1116 = 3096900 B. t. u., or from both moisture and air 
a total of 1454500 + 3096900 = 4551400 B. t. u. per hour. At 
an allowed rate of transmission of 7 B. t. u. there would be 
required to cool this building a total of approximately 9100 
square feet of coil surface, under the conditions of ventila- 
tion as assumed. 

It should be noted that whereas less than 3000 square feet 
of plenum surface were sufficient to heat the building ac- 
cording to Application 2, Art. 137, it requires fully three 
times this amount of surface in cooling coils to cool the 
building under the assumed conditions. Upon inspection it 
is seen that the greatest work o.f the cooling coils is the 
condensation and cooling of the #ioisture. 

The relative humidity within the cooled rooms w^ould be 

approximately 55 per cent., for the content per cubic foot of 

incoming air is 4.849 grains, and the capacity of the air 

when heated to 73 degrees is 8.782 grains showing a relative 

4.849 

humidity, after heating, of = 55 per cent. This w^ould 

8.782 

be raised somewhat by the persons present. 

236. Ice Making Capacity. Calculation! — Neglecting 

losses, the ice making capacity of a refrigerating plant for 

a certain refrigeration tonnage may be expressed 

144 T 

I = (132) 

(« — 32) + 144 + .5 (32 — <i) 

in which / = tons of ice produced per 24 hours, T = refrig- 
eration tonnage or rating of plant, t = initial temperature of 
water and ti = final temperature of ice, usually 12 to 18 
degrees. 

Application. — What should be the ice making capacity of 
a plant having a tonnage rating of 100, if t = 70 degrees and 
ti = 16 degrees? Take losses at 35 per cent. 

.65 X 144 X 100 

/ = = 49.3 tons in 24 hours. 

(70 — 32) + 144 + .5 (32 — 16) 



,^_ 
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237. Gallon Degree Calculation x — For use in plants pro- 
ducing ice by brine circulation a unit called the gallon degree 
is sometimes used. It represents a change of one degree 
temperature in 1 gallon of brine in one minute of time. It 
is not a fixed unit representing a constant number of 
B. t. u., since the brine strength, and therefore its specific 
heat, may vary. The value in B. t. u. per minute, of a gallon 
degree for any plant may be obtained by multiplying the 
specific gravity of the brine by its specific heat and by 8.35, 
the weight of one gallon of water, or as an equation may be 
stated 

D =z 8.35 gh (133) 

where D = B. t. u. per minute equal to one gallon degree, 
g = specific gravity of brine and h = specific heat of brine. 
The number of gallon degrees per ton of refrigerating capacity 
may be found by dividing 200 by D, since one ton of refrig- 
erating capacity is equal to 200 B. t. u. per minute, then 

200 24 

Dt = = for all practical purposes. (134) 

8.35 gh gh 

The refrigerating capacity of a given hrine circulation may be 

obtained by dividing the product of the gallons circulated 

and the rise in brine temperature by the value Dt. Stated 

as an equation this is 

O (tz — ta) ghO (12 — h} 

T - = (135) 

Dt 24 

where T = tonnage capacity, G = gallons of brine circu- 
lated per minute and (t^ — <») = rise of brine temperature. 

238. TtetrigeratlnK Capacity of Brine Cooled System t — 

To calculate the capacity but two things are required, the 
amount of brine circulated, and the rise in temperature of 
the brine. From these the capacity may be obtained by 
the equation 

Wh (tz <8) 

rp — (136) 

12000 

where T = tonnage capacity, W =. weight of brine circulated, 

in pounds, h = specific heat of brine and (^2 — ^s) = rise in 

temperature of brine. 

239. Comt of Ice Maklnsr and Refrigerations — The cost of 
ice manufacture is affected principally by the following 
items: price and kind of fuel, kind of water, cost of labor, 
regularity of operation, method of estimating costs, etc. 
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It Is found in practice to rang-e anywhere from $0.50 to 
12.50 per ton. The items making up the cost of ice manu- 
facture are: fuel for power, -labor at the plant, water, am- 
monia and minor supplies, maintenance of the plant, inter- 
est and taxes, and administration. Mr. J. E. Siebel in his 
"Compend of Mechanical Refrigeration and Engineering" 
gives an itemized account of the daily operating expense of 
a 100-ton plant with which he was connected, the plant 
operating 24 hours per day. 

Chief engineer $ 5.00 

Assistant engineers 6.00 

Firemen 4.00 

Helpers 5.00 

Ice pullers 9.00 

Expenses 12.00 

Coal at $1.10 per ton 18.00 

Delivery (wholesale) 50c per ton 50.00 

Repairs, etc 3.00 

Insurance, taxes, etc 6.00 

Interest on capital 20.55 



Total for 100 tons of ice $138.55 

The length of time that the ice is permitted to freeze 

is a factor affecting the cost of production. The followring 

figures are given for a 10-ton plant: 

Ten tons Ten tons 

in 12 hours in 24 hours 

Engineer $2.50 $5.00 

Fireman 1.50 3.00 

Tankmen, helpers .... 1.50 3.00 

Coal 3.00 3.00 

Repairs, supplies, etc. 1.50 1.50 



Total for 10 tons $10.00 $15.50 

Mr. A. P. Criswell, in "Ice and Refrigeration," gives the 
following approximate costs for the production of can ice 
per ton with coal at $2.50 per ton and with a simple distill- 
ing system. The figures are for the plant operating at full 
capacity and do not include cost of administration. 
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Capacity of plant Cost per ton 

10 tons $1.58 

20 " 1.48 

30 " 1.42 

40 " 1.38 

50 " 1.36 

70 " 1.34 

100 " 1.34 

120 " .' 1.30 

Mr. Karl Wegremann states that a certain moderate sized 
plant of the absorption system produced ice for a number 
of years at an average cost of $0.85 p^r ton after allowingr 
for melting and breakage. This included all charges ex- 
cept for interest, insurance and administration. 

The following figures taken from the books of another 
plant show clearly the effect of demand upon the cost of 
manufacture. 

Month Cost per ton 

January $3.50 

February 3.70^ 

March 2.80 

April 2.17 

May , 1.75 

June 1.19 

July 1.02 

August 1.02 

September 1.03 

October 1.26 

November 2.10 

December 2.94 



CHAPTER XVIII. 



PLANS AND SPECIFICATIONS FOR HEATING SYSTEMS. 



In PlannlnflT for and Executingr Engrtneerins Contracts, 

the responsibilities assumed by the various interested parties 
should be thoroughly studied. The followinir outline shovsrs 
the relationship between these parties and the order of the 
responsibility. 

• ^ /Engineer. 

Owner i 

1 Superintendent and Inspector, 
or < ^ 

\ General contractor. Subcontractors, Foremen and 
Purchaser / __ , 

\^ Workmen. 

The engineer, the superintendent and the general con- 
tractor occupy positions of like responsibility with relation 
to the purchaser. The first two work for the interest of the 
purchaser to obtain the best possible results for the least 
money, and the last endeavors to fulfill the contract to the 
satisfaction of the superintendent, at the least possible ex- 
pense to himself. These points of view are quite different 
and sometimes are antagonistic, but both are right and just. 
Of the three parties, the engineer has the greatest respon- 
sibility. It is his duty to draw up the plans and to write 
the specifications in such a way that every point is made 
clear and that no question of dispute may arise between the 
superintendent and the contractor. His plans should detail 
every part of the design with full notes. His specifications 
should explain all points that are difficult to delineate on the 
plans. They should give the purchaser's views covering all 
preferences, and should definitely state where and what ma- 
terials may be substituted. Where any point is not definitely 
settled and left to the judgment of the contractor, he may 
be expected to interpret this point in his favor and use the 
cheapest material that in his judgment will give good re- 
sults. This opinion may differ from that held by the pur- 
chaser. All partis should be made so plain that no two opin- 
ions could be ha\d on any important point. The engineer 
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should also be careful that the plans and specifications agrree 
in every part. The inspector is the superintendent's repre- 
sentative on the irrounds and is supposed to inspect and 
pass upon all materials delivered on the grounds, and the 
quality of workmanship in installing. For such information 
see Byrne's "Inspector's Pocket-Book." The general con- 
tractor usually sublets parts of the contract to subcon- 
tractors who work through the foreman and workmen to 
finish the work upon the same basis as the general con- 
tractor. 

The following brief set of specifications are not con- 
sidered complete but are merely inserted to suggest how 
such work is done. 

Typical SpecificatlouB. 

Title Page : — 

SPECIFICATIONS 

for the 

MATERIALS AND WORKMANSHIP 

Required to Install 



(Type of system) 
HEATING AND VENTILATING SYSTEM 

in the 



(Building) 



(Location) 
by 



(Name of designer) 
Index (Page : — 

(To be compiled after the specifications are written.) 

General Remarks to Contractor. — In the following specifica- 
tions, all references to the Owner or Purchaser will mean. 

or any person or persons delegated by 

to serve as the representative. The Super- 
intendent of Buildings will be the purchaser's representative at 
all times, unless otherwise definitely stated. The contractor 
will, therefore, refer all doubtful questions or misunder- 
standings, if any, to the superintendent whose decision will 
be final. In case of any doubt concerning the meaning of 
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any part of the plans or specijflcatlons, the contractor shall 
obtain definite interpretation from the superintendent be- 
fore proceeding with the work. 

These specifications with the accompanying plans and 

details (sheets to inclusive) cover the purchase of 

all the materials as specified later (the same materials to 
be new in every case), and the installation of the same in a 
first class manner within the above named building-, located 
at (street) (city) (state). 

It will be understood that the successful bidder, herein- 
after called the contractor, shall work in conformity w^ith 
these plans and specifications and shall, to the best of his 
ability, carry out their true intent and meaning. He shall 
purchase and erect all materials and apparatus required to 
make the above system complete in all its parts, supplying 
only such quality of materials and workmanship as will har- 
monize with a first class system and develop satisfactory 
results when working under the heaviest service to which 
such plants are, subjected. 

The contractor shall lay out his own work and be re- 
sponsible for its fitting to place. He shall keep a competent 
foreman on the grounds and shall properly protect his work 
at all times, making good any damage that may come to it, 
or to the building, or to the w^ork of other contractors from 
any source whatsoever, which may be chargeable to himself 
or to his employees in the course of their operations. 

Any defects in materials or workmanship, other than 
as stated under— ^(state exceptions if any) — that may develop 
within one year, shall be made good by the contractor upon 
written notification from the purchaser without additional 
cost to the purchaser. 

The contractor shall, wherever it is found necessary, 
make all excavations and back-fill to the satisfaction of the 
superintendent. 

The contractor shall be responsible for all cuttings of 
wood work, brick work or cement work, found necessary 
In fitting his materials to place, either within or without the 
building; the cutting to be done to the satisfaction of the 
superintendent. The contractor shall be required to connect 
and supply water and gas for building purposes, and shall 
assume all responsibility for the same. 
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The contractor shall be required to protect the purchaser 
from damagre suits, originating from personal injuries re- 
ceived during the progress of the work; also, from actions 
at law because of the use of patented articles furnished by 
the contractor; also, from any lien or liens arising because 
of any materials or labor furnished. 

The purchaser reserves the right to reject any or all 
bids. 

No changes in these plans and specifications will be 
allowed except upon written agreement signed by both the 
contractor and the purchaser's representative. 

System. — Specify the system of heating in a general way; 
high pressure, low pressure or vacuum; direct, direct-indi- 
rect or indirect radiation; basement or attic mains; one- or 
two-pipe connections to radiators. If ventilation is provided, 
state the movement of the air and the general arrangement 
of fans, coils or other heating surfaces. Single or double 
duct air lines, etc. 

Boilns. — Specify type, number, size and capacity, steam 
pressure, approximate horse-power, heating surface, grate 
surface and kind of coal to be used. Locate on plan and ele- 
vation. Explain method of setting, portable or brick. 
Specify also, flue connection, heating and water pipe connec- 
tions, kind of grate, thermometers, gages, automatic damper 
connection, firing tools and conditions of final tests. 

Conduits and Conduit Mains. — (In this it is assumed that the 
boilers are not within the building). In addition to the lay- 
out, give sections of the conduit on plans showing method 
of construction, supporting and insulating pipes, and drain- 
age of pipes and conduits. Specify quality and size of mate- 
rials, pitch and drainage of pipes and all other points not 
specially provided for in the plans. 

Anchors. — Locate and draw on plans and specify for the 
installation regarding quality of materials. 

Expansion Joints or Take-ups. — Locate and draw on plans. 
Select type of joint and specify for amount of safe take-up 
and for quality of material. 

Mains and Returns. — Trace the steam from the point where 
it enters the main, through all the special fittings of the 

system. Show where the condensation is dripped 

to the returns through traps or separating devices. Specify 
amount and direction of pitch, kind of fittings (flanged or 
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screwed, cast iron or malleable iron), kind of corners (long: 
or short), method of taking: up expansion and contraction. 
Trace returns and specify dry or wet. 

Branches to Risers. — Take branches from top of mains by 
tees, short nipples and ells, and enter the bottom of the 
risers by sufficient inclination to give good, drainage. 

Risers. — Locate risers according to plan. They shall be 
straight and plumb and shall conform to the sizes given on 
the plans. No riser shall overlap the casing around win- 
dows. State how branches are to be taken off leading to 
radiators, relative to the ceiling or floor. 

Radiator Connections. — Specify, one- pipe or two-pipe, num- 
ber and kind of valves, sizes of connections and hand or 
automatic control. All connections shall allow for good 
drainage and expansion. Distinguish between wall radiator 
and floor radiator connections. If automatic control is used, 
hand valves at the radiators are usually omitted. 

Radiators. — Specify floor or wall radiators, with type, 
height, number of columns and number of sections. If other 
radiators are substituted for the ones that are referred to 
as acceptable, they must be of equal amount of surface and 
acceptable to the superintendent. Specify brackets for wall 
radiators, also, air valves for all radiators, stating type 
and location on the radiator. Require all radiators to be 
cleaned with water or steam at the factory and plugged at 
inlet and outlet for shipment. 

Piping. — Define quality, weight and material in all mains, 
branches and risers. All sizes above one and one-half inch 
are usually lap welded. Piping should be stood on end and 
pounded to remove all scale before going into the system. 
All, pipes 1 inch and smaller should be reamed out full size 
after cutting. 

Fittings. — Specify quality of fittings, whether light, stand- 
ard or heavy, malleable or cast iron. Fittings with imper- 
fect threads should be rejected. 

Valves. — Specify type (globe, gate or check), whether 
flanged or screwed, rough or smooth body, cast iron or 
brass, and give pressure to be carried. All valves should 
be located on the plans. 

Expansion Tank. — Specify capacity of tank in gallons, kind 
of tank (square or round, wood or steel), method of connect- 
ing up with flttings and valves, and locate definitely on plan 
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and elevation. Connect also to fresh water supply and to 
overflow. 

Hangers and Ceiling Plates. — -Wall radiators and horizontal 
runs of pipe shall be supported on suitable expansion hang:- 
ers or wall supports that will permit of absolute freedom of 

expansion. Supports shall be placed feet centers. Pipe 

holes in concrete floors shall be thimbled. Holes through 
wooden walls and floors shall have suitable air space around 
the pipe, and all openings shall be covered with ornamental 
floor, ceiling or wall plates. 

Traps. — Specify type, size, capacity and location. State 
whether flanged or screwed fittings are used and whether 
by-pass connection will be put in. Refer to plans. 

Pressure Regulating Valve. — Specify type, size and location, 
also maximum and minimum steam pressure, with guaran- 
tee to operate under slight change of pressure. State if 
by-pass should be used and explain with plans. 

Separators. — Specify type (horizontal or vertical), also 
size and location. 

Automatic Control. — The contractor will be held responsible 
for the installation of all thermostats, regulator valves, air 
compressor, piping and fittings required to equip all rooms 
and halls with an automatic temperature control sys- 
tem. Specify approximate location and number of thermo- 
stats with the desired finish. Specify in a general way, reg- 
ulator valves on radiators, quality of pipe, maximum test 
pressure for pipe, power for air supply (hydraulic, pneu- 
matic, etc.), and supply tank. All materials in the tem- 
perature control system shall be guaranteed first class by 
the manufacturer through the contractor, and the system 
shall be guaranteed to give perfect control for a period of 
(two) years. 

Fans. — Specify for direct connected or belt driven, right 
or left hand, capacity, size, housing, direction of discharge, 
horse-power, R. P. M. and pressure. State in a general way 
the requirements of the fan wheel, steel plate housing, shaft, 
bearings and the method of lubrication. 

Engine. — Specify type, horse-power, steam pressure, ap- 
proximate cut-off, speed and kind of control. 

Electric Motors. — Specify type, horse-power, voltage, cycles, 
phases and R. P. M. 
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Indirect Heating Surface. — Specify the kind of s.urface to 
be put in and then state the total number of square feet 
of surface, with the width, heigrht and depth of the heater. 
State definitely how the heaters will be assembled, g^ivingr 
free heigrht of heater above the floor. Describe damper con- 
trol, steam piping^ to and from heater, housing: around heater, 
connection from cold air inlet to heater and connection from 
heater to fan. See plans. The contractor will usually follow 
installation instructions ^iven by the manufacturers for the 
erection of the heater and engine, consequently the specifl- 
cations should bear heavily only upon those points whicli 
may be varied to suit any condition. All valves, pit>ins and 
fltting;^s in this work should be controlled by the greneral 
specifications referring to these parts. 

Foundations. — Specify materials and sizes. 

Air Ducts, Stacks and Oalvanized Iron Work. — Th6 drawings 
should give the layout of all the air lines, giving connections 
between the air lines and the fan, and the air lines and the 
registers. Where these air lines are below the floor, the 
conduit construction should be carefully noted. All gal- 
vanized iron work should be shown on the plans and the 
quality and weight should be specified. Air lines should 
have long radius turns at the corners. 

Registers. — Specify height above fioor, nominal size of 
register, method of fitting in wall, the finish of the regis- 
ter and whether fitted with shutters or not. 

Protection and Covering. — Specify kind and quality of pipe 
covering and the finish of the surface of the covering. State 
the amount of space between heating pipes and unprotected 
woodwork. Distinguish between pipes that are to be covered 
and those that are to be painted. All radiators and piping 

not covered should be painted with two coats of bronze 

or other finish acceptable to the superintendent. 

Completion. — Require all rubbish removed from the build- 
ing and immediate grounds and deposited at a definite place. 
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It frequently happens that School Boards and School 
Trustees are required to select from a number of proposed 
heating and ventilating- systems that one which is best 
suited to their needs. Public officials, as a rule, are not ex- f^ 

peeled to be engineers and occasionally make a selection V-J^ 

which afterward proves to be a misfit. The following sug- 
gestions, therefore, are offered in the hope that some men 
may be benefited thereby. 

DEFINITIONS. 
Radlatlns surfaces. — Radiators, coils and stoves. 
Clrcalatlngr air. — ^Air which passes over the radiating 
surfaces and carries heat to the rooms. This may be outside 
air or returned air from the rooms. 

Ventilating: air. — Circulating air taken from without the 
building. 

Direct system. — Radiating surfaces set within the rooms 
to be heated. No special outside air connections. 

Indirect system. — Radiating surfaces set in the basement 
or somewhere within the building and below the rooms to be 
heated. Air is passed over these radiating surfaces, heated 
and carried through ducts to the rooms. When this air is 
taken from without the building there is provision for good 
ventilation. 

Direct-Indirect system. — Radiating surfaces set within 
the rooms to be heated, usually next the outside wall, and 
supplying ventilating air for the rooms by means of short 
ducts through the walls. A fair quality of ventilation may 
be obtained under favorable conditions. 

Onc-pipe steam system. — Radiators connected at one bot- 
tom end only. This serves both for steam inlet and con- 
densation return. Air valves are a necessity and are located 
about mid-height on the last coil of the radiator. 

Tn^o-plpe steam system. — Radiators double connected; 
bottom for return, and top or bottom for steam. Where top- 
connected for steam, use water-type radiator only. Air 
valves useful but not as necessary as on one-pipe system. 

Loi^r-pressare steam system. — Steam circulated by grav- 
ity at pre.ssures between and 5 pounds gage. 

Atmospheric and vapor systems. — Steam circulated by 
gravity at to 0-pressures. Radiators always two-pipe, 
water-type, top-connected for steam. Graduated inlet valve. 
Air valves on end of return. 

Mechanical vacuum systems. — Steam pressures to 5 
pounds gage. Condensation returned by pump below atmos- 
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ire. Circulation poalclve. Returns smaller than 

room-liciiter Kj-Dtem. — Largje metal-enoELsed 
'Ithln the rooms to be heated and circulating 
outBlde air upward between the stove and cas- 
ting it for room use. When the air is partially 
len from the outside of the buildins, this heater 

IK vent flues. — Smooth vertical flues containing 
1 and leading to the outside air through the 

flues should be located in the partition walls 
InK' The heating colls create ascending cur- 
vlthin the flues and assist room ventilation, 
tfetal cappings on the tops of the ventilating 
itructed as to assist convection currents within 

prevent down drafts. 

narm-alr famacc Mruteni. — A large metal- or 
1 stove, usually set In the basement, and having 
circulating air pipes leading into and from the 
n the stove and the casing. Circulation is main- 
' by the difference in weight (density) between 
air at the furnace and that of the cooler sur- 
Losphere. The entire circulating air may be re- 
the rooms to the furnace, In which case there 
ting effect: or. a part of the air may be reclr- 

part taken from the outside, giving some ven- 
t; or, all the air may be taken from the out- 
e best ventilating effect. All furnace systems 
>utside air connections of such sixe as will per- 
r to be taken from the outside. 

Bee nyiilenia. — A hot air furnace, similar in prin- 
rravlty warm-air furnace, with blower attach- 

atlng air temperatures eenerally higher than 
warm-air furnace system. 

arateiB. — Metal-encased steam-colla as heating 
h air circulation over the coils maintained by 
iment. Best ventilating possibilities. Clrculat- 
ratures about the same as in the gravity warm- 

■B Kyatema. — These may be either independent 
if the heating system. The air supply for ven- 
be from an u neon laminated source, or shall be 
h the dust or other impurities shall be removed 
Ir cleansing devices. Circulation may be pro- 
vUy, in which case the air movement Is slug- 
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gish and the ducts and stacks necessarily large; or by 
mechanical means, resulting in higher air velocities and 
correspondingly smaller ducts and stacks. Positive air cir- 
culation in vent stacks is very important in all gravity air 
circulating plants. Where electric power is available, me- 
chanical circulation by fans is the most satisfactory and is 
the least expensive system to operate. Where power is not 
available, circulation may be obtained by the use of aspirat- 
ing coils and cowls. Although aspiration is a wasteful pro- 
cess, it is practically fool-proof. In large plants where the 
exhaust steam may be used in coils for heating, steam en- 
gine-driven fans for the air supply are more economical than 
electric drives. Gas engine drives are noisy and unreliable 
and should be used in school systems only as a last resort. 

CLASSIFICATION OP SYSTBDIS. 

The following classification is suggestive only, and is 
intended as an aid to show those systems best adapted to 
the different types of school buildings. ^ 

One-room building:, no basement. 

Direct-indirect room-heater. 

One-room buildings, with basement. 

Gravity furnace system. . 

Indirect, one-pipe or two-pipe steam system. 

Direct-indirect, one-pipe or two-pipe steam system. 

Tifve-room buildingr, one floor, no basen&ent. 

Direct-indirect room heater in each room. 
Two-room building:, one floor, Tvith basement. 

Gravity furnace system with vent flues and cowls. 

Indirect, one-pipe or two-pipe steam system with as- 
pirating vent flues and cowls. 

Direct-indirect, one-pipe or two-pipe steam system, with 
aspirating vent flues and cowls. 

Tbree-room building:, one floor, ivith basement. 

Gravity furnace system with vent flues and cowls. 

Indirect, one-pipe or two-pipe steam system, with as- 
pirating vent flues and cowls. 

Direct-indirect, one-pipe or two-pipe steam system, with 
aspirating vent flues and cowls. 

Four-room bulldifig:, two floors, with basement. 

Gravity furnace system with vent flues and cowls. 
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Indirect or direct-Indirect steam systems, with aspirat- 
ing: vent flues and cowls. 

Fan furnace system (where electric power is available). 
Automatic temperature control. 

Four-room bnlldinsr, t-wo floors 'nrltk basement rooms nsed^ 
for school purposes bat not as laboratories or class 
rooms. 

Indirect or direct-indirect steam system on first and sec- 
ond floors, and direct system in basement; with aspirating- 
vent flues and cowls. With or without automatic tempera- 
ture control. 

Fan-furnace system (where electric power is available). 
Automatic temperature control. 

Six- or elsht-room bnlldlngf, irlth basement rooms used for 
laboratory and school purposes other than class rooms. 

Fan-coil system, with electric power or low-pressure 
steam eng^ine. Direct radiation in corridors, toilet and w^ash 
rooms. Automatic temperature control. Toilets separately- 
ventilated by motor driven suction fans. 

Direct-indirect, vapor or low-pressure steam system on 
first and second fioors, and direct system in the basement; 
with aspirating: vent fines and cowls. With or without auto- 
matic temperature control. 

Fan-furnace system (where electric power is available). 
Automatic temperature control. Toilets separately venti- 
lated by motor driven suction fans. 
Moderately lar8:e bulldlngrs ^rlth basement school rooms. 

Heat by direct radiation, mechanical vacuum returns; 
ventilate by fan-coil system. With or without air condition- 
ing apparatus. Toilets separately ventilated by motor driven 
suction fans. Automatic temperature control. 

Heat and ventilate by fan-coil system. With or without 
air conditioning: apparatus. Toilets separately ventilated by- 
motor driven suction fans. Automatic temperature control, 
Laripe bulldlngrs ^vlth basement school r€H>ms. 

Heat by direct radiation, mechanical vacuum returns, 
ventilate by fan-coil system. Air conditioning apparatus. 
Toilets separately ventilated by motor driven suction fans. 
Automatic temperature control. 

Heat and ventilate by fan-coil system. Air conditioning- 
apparatus. Toilets separately ventilated by motor driven 
.suction fans. 

\ 
\ 
\ 
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TABLE 1. 
Squares, Cubes, Sq. Roots, Cube Roots, Circles. 













Oirde 


No. 
Diam. 


Square 


Cube 


Sq. 
Root 


Cube 
Root 






drcnrnt. 


Area 


.1 


.010 


.001 


.816 


.464 


.314 


.00785 


.2 


.040 


.006 


.447 


.585 


.628 


.03146 


.8 


.000 


.027 


.548 


.669 


.942 


.07069 


.4 


.160 


.064 


.683 


.787 


1.257 


.12566 


.5 


.250 


.125 


.707 


.794 


1.570 


.19635 


.6 


.360 


.216 


.775 


.848 


1.886 


.2ff?74 


.7 


.490 


.343 


.887 


.IXXJ 


2.200 


.iXn)S> 


.8 


.640 


.512 


.894 


.928 


2.518 


.50266 


.9 


.810 


.729 


.949 


.965 


2.830 


.63620 


1.0 


1.000 


1.000 


1.000 


1.000 


3.1416 


.7854 


1.1 


1.210 


1.331 


1.0488 


1.0323 


3.456 


.9503 


1.2 


1.440 


1.780 


1.0955 


1.0627 


3.770 


1.1810 


1.8 


1.690 


2.197 


1.1402 


1.0914 


4.064 


1.3273 


1.4 


1.960 


2.744 


1.1832 


1.1187 


4.398 


1.5394 


1.5 


2.250 


3.375 


1.2247 


1.1447 


4.712 


1.7672 


1.6 


2.560 


4.006 


1.2649 


1.1696 


5.027 


2.0106 


1.7 


2.890 


4.913 


1.3088 


1.1935 


5.341 


2.2608 


1.8 


3.240 


5.832 


1.3416 


1.2164 


5.655 


2.5447 


1.9 


3.610 


6.859 


1.3784 


1.2386 


5.969 


2.8353 


2.0 


4.000 


8.000 


1.4142 


1.2599 


6.288 


3.1416 


2.1 


4.410 


9.261 


1.4491 


1.2806 


6.597 


3.4636 


2.2 


4.840 


10.648 


1.4832 


1.3006 


6.912 


8.8013 


2.3 


5.290 


12.167 


1.5166 


1.3200 


7.226 


4.1548 


2.4 


5.760 


13.824 


1.5492 


1.3389 


7.540 


4.5239 


2.5 


6.250 


15.625 


1.5811 


1.3572 


7.854 


4.9087 


2.6 


6.760 


17.576 


1.6125 


1.3751 


8.168 


5.3003 


2.7 


7.290 


19.683 


1.6432 


1.3925 


8.482 


5.72.56 


2.8 


7.840 


21.952 


1.6733 


1.4095 


8.797 


6.1575 


2.9 


8.410 


24.389 


1.7029 


1.4260 


9.111 


6.6052 


3.0 


9.000 


27.000 


1.7321 


1.4422 


9.425 


7.0688 


3.1 


9.610 


29.791 


1.7607 


1.4581 


9.739 


7.5477 


3.2 


10.240 


32.768 


1.7889 


1.4736 


10.053 


8.0425 


3.3 


10.890 


35.987 


1.8166 


1.4888 


10.367 


8.5580 


3.4 


11.560 


39.301 


1.8439 


1.5037 


10.681 


9.0792 


3.5 


12.250 


42.875 


1.8708 


1.5188 


10.996 


9.6211 


3.6 


12.960 


46.656 


1.8974 


1.5326 


11.310 


10.179 


3.7 


13.69P 


50.653 


1.9235 


1.5467 


11.624 


10.752 


3.8 


14.440 


54.872 


1.9494 


1.5605 


11.988 


11.341 


3.9 


15.210 


59.319 


1.9748 


1.5741 


12.252 


11.946 


4.0 


16.000 


64.000 


2.0000 


1.5870 


12.566 


12.566 


4.1 


16.810 


68.921 


2.0249 


1.6005 


12.881 


13.208 


4.2 


17.640 


74.088 


2.0494 


1.6134 


13.195 


18.854 


4.3 


18.490 


79.507 


2.0736 


1.6261 


13.509 


14.522 


4.4 


19.360 


85.184 


2.0976 


1.6386 


13.823 


15.205 
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Circle 


No. 


Square 


Cube 


Sq. 


Cube 










Diam. 






Root 


Root 


Circumf. 


Area 


4.5 


20.250 


91.125 


2.1213 


1.6510 


14.137 


15:904 


4.6 


21.160 


97.336 


2.1448 


1.6631 


14.451 


16.619 


4.7 


22.000 


103.823 


2.1680 


1.6751 


14.765 


17.349 


4.8 


23.040 


110.592 


2.1909 


1.6869 


15.080 


18.096 


4.9 


24.010 


117.649 


2.2136 


1.6985 


15.394 


18.859 


5.0 


25.000 


125.000 


2.2361 


1.7100 


15.708 


19.635 


5.1 


26,010 


132.651 


2.2583 


1.7213 


16.022 


20.428 


5.2 


27.040 


140.608 


2.2804 


1.7825 


16.336 


21.237 


5.3 


28.090 


148.877 


2.3022 


1.7435 


16.650 


22.062 


5.4 


29.160 


157.464 


2.8238 


1.7544 


16.965 


22.902 


5.5 


30.250 


166.375 


2.3452 


1.7652 


17.279 


23.758 


5.6 


31.360 


175.616 


2.3664 


1.7760 


17.593 


24.630 


5.7 


32.490 


185.193 


2.3875 


1.7863 


17.907 


25.518 


5.8 


33.640 


195.112 


2.4083 


1.7967 


18.221 


26.421 


5.9 


34.810 


205.379 


2.4290 


1.807O 


18.536 


27.340 


6.0 


36.000 


216.000 


2.4495 


1.8171 


18.850 


28.274 


6.1 


37.210 


226.981 


2.4698 


1.8272 


19.164 


29.225 


6.2 


38.440 


238.328 


2.4900 


1.8371 


19.478 


30.191 


6.3 


39.690 


250.047 


2.5100 


1.8460 


19.792 


31.173 


. 6.4 


40.960 


262.144 


2.5298 


1.8566 


20.106 


32.170 


6.5 


42.250 


274.625 


2.5495 


1.8663 


20.420 


33.183 


6.6 


43.560 


287.496 


2.5691 


1.8758 


20.735 


34.212 


6.7 


44.890 


300.763 


2.5884 


1.8852 


21.049 


35.257 


6.8 


46.240 


314.432 


2.6077 


1.8945 


21.363 


36.317 


6.9 


47.610 


328.509 


2.6268 


1.9038 


21.677 


37.393 


7.0 


49.000 


343.000 


2.6458 


1.9129 


21.991 


38.485 


7.1 


50.410 


357.911 


2.6646 


1.9220 


22.305 


39.692 


7.2 


51.840 


373.248 


2.6833 


1.9310 


22.619 


40.715 


7.3 


53.290 


389.017 


2.7019 


1.9899 


22.934 


41.854 


7.4 


54.760 


405.224 


2.7203 


1.9487 


23.248 


45.008 


7.5 


56.250 


421.875 


2.7386 


1.9574 


23.562 


44.179 


7.6 


57.760 


438.976 


2.7568 


1.9661 


23.876 


45.365 


7.7 


59.290 


456.533 


2.7749 


1.9747 


24.190 


46.566 


7.8 


60.840 


474.552 


2.7929 


1.9832 


24.504 


47.784 


7.9 


62.410 


493.039 


2.8107 


1.9916 


24.819 


49.017 


8.0 


64.000 


512.000 


2.8284 


2.0000 


25.133 


50.266 


8.1 


65.610 


531.441 


2.8461 


2.0083 


25.447 


51.530 


8.2 


67.240 


551.468 


2.8636 


2.0165 


25.761 


52.810 


8.3 


68.800 


571.787 


2.8810 


2.0247 


26.075 


54.106 


8.4 


70.560 


592.704 


2.8983 


2.0328 


26.389 


55.418 


8.5 


72.250 


614.125 


2.9155 


2.0408 


26.704 


56.745 


8.6 


73.960 


636.056 


2.9326 


2.0488 


27.018 


58.088 


8.7 


75.690 


658.503 


2.9496 


2.0567 


27.332 


59.447 


8.8 


77.440 


681.473 


2.9665 


2.0646 


27.646 


60.821 


8.9 


79.210 


704.969 


2.9833 


2.0724 


27.960 


62.211 
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Circle 


No 


Square 


Cube 


Sq. 
Root 


Cube 
Root 






Diam. 


Clrcumf. 


Area 


9.0 


81.000 


729.000 


s.oooo 


2.0601 


28.274 


63.617 


9.1 


82.810 


753.571 


3.0166 


2.0878 


28.588 


65.089 


9.2 


84.640 


778.688 


3.0332 


2.0954 


28.908 


66.476 


9.3 


86.490 


804.357 


3.0496 


2.1029 


29.217 


67.929 


9.4 


88.980 


830.584 


3.0659 


2.1106 


29.581 


69.398 


9.5 


90.250 


857.375 


3.0822 


2.1179 


29.845 


70.8HK 


9.6 


92.160 


884.736 


u.UUcnt 


2.1253 


30.159 


72.3HB 


9.7 


94.090 


912.673 


3.1145 


2.1327 


30.473 


To. Boo 


9.8 


96.040 


941.192 


3.1305 


2.1400 


30.788 


75.430 


9.9 


98.010 


970.299 


3.1464 


2.1472 


81.102 


78.977 


10 


100.000 


1000.000 


3.1623 


2.1544 


31.416 


78.540 


11 


121.000 


1331.000 


3.3166 


2.2239 


34.558 


95.033 


12 


144.000 


1728.000 


3.4641 


2.t«94 


37.699 


113.097 


13 


169.000 


2197.000 


3.6056 


2.3513 


40.841 


132.732 


14 


196.000 


2744.000 


3.7417 


2.4101 


43.982 


153.988 


15 


225.000 


3375.000 


3.8730 


2.4662 


47.124 


176.715 


16 


256.000 


4096.000 


4.0000 


2.5198 


50.265 


201.062 


17 


289.000 


4913.000 


4.1231 


2.5713 


53.407 


226.980 


18 


324.000 


5832.000 


4.2426 


2.6207 


56.549 


254.469 


1& 


361.000 


6859.000 


4.3589 


2.6684 


59.690 


283.529 


20 


400.000 


8000.000 


4.4721 


2.7144 


62.832 


314.159 


21 


441.000 


9261.000 


4.5826 


2.7589 


65.793 


346.361 


22 


484.000 


10648.000 


4.6904 


2.8021 


69.115 


380.133 


23 


529.000 


12167.000 


4.7958 


2.8439 


72.257 


415.476 


24 


576.000 


13824.000 


4.8990 


2.8845 


75.396 


452.380 


^2.5 


625.000 


15625.000 


5.0000 


2.9241 


78.540 


490.874 


676.000 


17576.000 


5.0990 


2.9625 


81.681 


530.929 


27 


729. 0(K) 


19683.000 


5.1962 


3.0000 


84.823 


572.555 


28 


784.000 


21952.000 


5.2915 


3.a%6 


87.965 


615.752 


29 


811.000 


24389.000 


5.3862 


3.0723 


91.106 


660.520 


30 


900.000 


27000.000 


5.4772 


3.1072 


94.248 


706.858 


31 


961.000 


29791.000 


5.15678 


3.1414 


97.389 


754.768 


32 


1024.000 


32768.000 


5.6569 


3.1748 


100.531 


804.248 


33 


1080.000 


a55>37.000 


5.7446 


3.2075 


103.673 


855.299 


34 


1156.000 


39304.000 


5.8310 


3.2396 


106.841 


907.920 


35 


1225.000 


42875.000 


5.9161 


3.2710 


100.956 


962.113 


36 


1296.000 


46656.000 


6.0000 


3.3019 


113.097 


1017.88 


37 


1369.000 


50653.000 


6.0827 


3.3322 


116.239 


1075.21 


38 


1444.000 


54872.000 


6.1644 


3.3620 


119.881 


1134.11 


39 


1521.000 


59319.000 


6.2450 


3.3912 


122.522 


1194.59 


40 


1600.000 


64000.000 


6.3246 


3.4200 


125.66 


1256.64 


41 


1681.000 


68921.000 


6.4031 


3.4482 


IVH.Sl 


1320.25 


42 


1764.000 


74088.000 


6.4807 


8.4760 


131.95 


1385.44 


43 


1849.000 


79507.000 


6.5574 


3.5084 


135.09 


1452.20 


44 


1986.000 


85184.000 


6.6333 


3.5303 


138.28 


1520.53 
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h 

Clrcle 



No. 
Diam. 



45 
46 
47 

49 

50 
51 
52 
53 
54 

55 
50 
57 
58 
50 

60 
61 
62 
63 
64 

65 
66 
67 
68 
69 

70 
71 
72 
73 
74 

75 
76 

77 
78 
79 

80 
81 
82 
83 
84 

85 
86 
87 
88 
89 



Square 



2025.000 
2116.000 
2209.000 
2304.000 
2401.000 

2500.000 
26Q1.O0O 
2704.000 
2809.000 
2916.000 

3025.000 
3136.000 
3249.000 
3364.000 
8481.000 

3600.000 
3721.000 
3844.000 
3969.000 
4096.000 

4225.000 
4356.000 
4489.000 
4624.000 
4761.000 

4900.000 
5041.000 
5184.000 
5320.000 
5476.000 

5625.000 
5776.000 
5029.000 
6064.000 
6241.000 

6400.000 
6561.000 
6724.000 
6889.000 
7056.000 

7225.000 
7396.000 
7569.000 
7744.000 
7021.000 



Cube 



91125.000 

97336.000 

103823.000 

110592.000 

117649.000 

125000.000 
132651.000 
140608.000 
148877.000 
157464.000 

166375.000 
175616.000 
185193.000 
195112.000 
205379.000 

216000.000 
226981.000 
238328.000 
250047.000 
262144.000 

274625.000 
287496.000 
300763.000 
314432.000 
328509.000 

343000.000 
357011.000 
373248.000 
389017.000 
405224.000 

421875.000 
438976.000 
456533.000 
474552.000 
498039.000 

512000.000 
531441.000 
551368.000 
571787.000 
592704.000 

614125.000 
636056.000 
658503.000 
681472.000 
704969.000 



Sq. 


Cube 


Boot 


Root 


6.7082 


3.5569 


6.7823 


3.5830 


6.8557 


3.6088 


6.9282 


3.6342 


7.0000 


3.6593 


7.0711 


3.6840 


7.1414 


3.7084 


7.2111 


3.7325 


7.2801 


3.7563 


7.3485 


3.7798 


7.4162 


3.8030 


7.4833 


3.8259 


7.5498 


3.8485 


7.6168 


3.8709 


7.6811 


3.8930 


7.7460 


3.9149 


7.8102 


3.9865 


7.8740 


3.9579 


7,9873 


3.9791 


8.0000 


4.0000 


8.0623 


4.0207 


8.1240 


4.0412 


8.1854 


4.0615 


8.2462 


4.0817 


8.3066 


4.1016 


8.3666 


4.1213 


8.4261 


4.1408 


8.4853 


4.1602 


8.5440 


4.1793 


8.6023 


4.1983 


8.6603 


4.2172 


8.7178 


4.2358 


8.7750 


4.2543 


8.8318 


4.2727 


8.8882 


4.2908 


8.9443 


4.3089 


9.0000 


4.3267 


9.0554 


4.3445 


9.1104 


4.3621 


9.1652 


4.3795 


9.2195 


4.3968 


9.2736 


4.4140 


9.3274 


4.4310 


9.8808 


4.4480 


9.4340 


4.4647 



drcumf. 



141.37 
144.51 
147.65 
150.80 
153.94 

157.08 
160.22 
163.36 
166.50 
169.66 

172.79 
175.93 
179.07 
182.21 
185.35 

188.50 
191.64 
194.78 
197.92 
201.06 

204.20 
207.34 
210.49 
213.63 
216.77 

219.91 
223.05 
226.19 
229.34 
232.48 

235.62 
238.76 
241.90 
245.04 
248.19 

251.33 
254.47 
257.61 
260.75 
263.89 

267.04 
270.18 
273.32 
276.46 
279.60 



Area 



1590.43 
1661.90 
1734.94 
1809.56 
1885.74 

1963.50 
2042.82 
2123.72 
2206.18 
2290.22 

2375.83 
2463.01 
2551.76 
2642.06 
2733.97 

2827.43 
2922.47 
3019.07 
3117.25 
3216.99 

3318.31 
3421.19 
3525.65 
3631.68 
3739.28 

3848.45 
3959.19 
4071.50 
4185.39 
4300.84 

4417.86 
4536.46 
4656.63 
4778.36 
4901.67 

5026.55 
5153.00 
5281.02 
5410.61 
5541.77 

5674.50 
5808.80 
5944.68 
6082.12 
6221.14 
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Circle 


No. 
DIam. 


Square 


Cube 


Sq. 
Root 


Cube 
Root 






Clrcumf. 


Area 


90 


8100.000 


729000.000 


9.4868 


4.4814 


282.74 


6361.73 


01 


8281.000 


753571.000 


9.5394 


4.4979 


285.88 


6503.88 


92 


8464.000 


778688.000 


9.5917 


4.5144 


289.03 


6647.61 


9S 


8649.000 


804357.000 


9.6437 


4.5307 


292.17 


6792.91 


94 


8896.000 


830684.000 


9.6954 


4.5468 


295.31 


6939.78 


06 


9025.000 


857375.000 


9.7468 


4.5629 


298.45 


7088.22 


06 


9216.000 


884736.000 


9.7980 


4.5789 


301.59 


7238.23 


97 


9409.000 


912673.000 


9.8489 


4.5947 


304.73 


7389.81 


9S 


9604.000 


941192.000 


i7.o99d 


4.6104 


307.88 


7542.96 


90 


9801.000 


970299.000 


9.9499 


4.6261 


311.02 


7697.69 


lOO 


10000.000 


lOOOOOO.OOO 


lO.OOOO 


4.6416 


314.16 


7853.98 


106 


11025.000 


1157625.000 


10.2470 


4.7177 


329.87 


8659.01 


110 


12100.000 


1331000.000 


10.4881 


4.7914 


345.58 


9508.32 


115 


13225.000 


1520875.000 


10.7238 


4.8629 


361.28 


10386.89 


120 


14400.000 


1728000.000 


10.9545 


4.9324 


376.99 


11309.73 


125 


15625.000 


1953125.000 


11.1803 


5.0000 


392.70 


12271.85 


130 


16900.000 


2197000.000 


11.4018 


5.0658 


406.41 


13273.23 


135 


18225.000 


2460875.000 


11.6190 


5.1299 


424.12 


14313.88 


140 


19600.000 


2744000.000 


11.8322 


5.1925 


439.82 


15393.80 


145 


21025.000 


3048025.000 


12.0416 


5.2586 


455.53 


16513.00 


150 


22500.000 


3375000.000 


12.2474 


5.3133 


4n.24 


17671.46 


155 


24025.000 


3723875.000 


12.4499 


5.3717 


486.95 


18869.19 


160 


25600.000 


4096000.000 


12.6491 


5.4288 


502.65 


20106.19 


165 


27225.000 


4492125.000 


12.8452 


5.4848 


518.36 


21382.46 


170 


28900.000 


4913000.000 


13.0384 


5.5397 


534.07 


22698.01 


175 


30625.000 


5359375.000 


13.2WH 


5.5934 


549.78 


24052.82 


180 


32400.000 


5832000.000 


13.4164 


5.6462 


565.49 


25446.90 


185 


34225.000 


6331625.000 


13.6015 


5.6980 


5^.19 


26880.25 


190 


36100.000 


6859000.000 


13.7840 


5.7489 


596.90 


28352.87 


195 


38025.000 


7414875.000 


13.9642 


5.7989 


612.61 


29864.77 


200 


40000.000 


8000000.000 


14.1421 


5.8480 


628,32 


31415.93 


205 


42025.000 


8615125.000 


14.3178 


5.8964 


644.08 


33006.36 


210 


44100.000 


9261000.000 


14.4914 


5.9439 


659.73 


34636.06 


215 


46225.000 


9938375.000 


14.6629 


5.9907 


675.44 


86805.03 


220 


48400.000 


10648000.000 


14.8324 


6.0368 


691.15 


38W3.27 


225 


50625.000 


11390625.000 


15.0000 


6.0«^ 


706.86 


39760.78 


280 


52900.000 


12167000.000 


15.1658 


6.1269 


722.57 


41547.56 


235 


55225.000 


12977875.000 


15.3297 


6.1710 


738.27 


43373.61 


240 


57600.000 


138^4000.000 


15.4919 


6.2145 


753.98 


45238.93 


245 


00025.000 


14706125.000 


15.6525 


6.2573 


769.69 


47143.52 


250 


62500.000 


15625000.000 


15.8114 


6.2996 


785.40 


49087.39 


255 


65025.000 


16581375.000 


15.9687 


6.3413 


801.11 


51070.52 


260 


67600.000 


17576000.000 


16.1245 


6.3825 


816.81 


58092.92 


265 


70225.000 


18609625.000 


16.2788 


6.4232 


832.52 


55154.59 


270 


72900.000 


19683000.000 


16.4317 


6.4633 


848.23 


57255.53 
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No. 

Diam. 



275 
280 
285 
290 
295 

doo 

305 
310 
315 
320 

325 
330 
335 
340 
345 

350 
355 
360 
365 
370 

375 
380 
385 
390 
395 

400 
405 
410 
415 
420 

425 
430 
485 
440 
445 

450 
455 
400 
465 

470 

475 
480 
485 
490 
495 
500 




75625.000 
78400.000 
81225.000 
84100.000 
87025.000 

90000.000 
99025.000 
96100.000 
90225.000 
102400.000 

105625.000 
108900.000 
112225.000 
115600.000 
119025.000 

122500.000 
126025.000 
129600.000 
133225.000 
136900.000 

140625.000 
144400.000 
148225.000 
152100.000 
156025.000 

160000.000 
164025. 000 
168100.000 
172225.000 
176400.000 

180625.000 
184900.000 
189225.000 
19S600.00O 
198025.000 

202500.000 
207025.000 
211600.000 
216225.000 
220000.000 

225625.000 
290400.000 
235225.000 
240100.000 
245025.000 
250000.000 



Cube 



20796875.000 
21952000.000 
23149125.000 
24389000.000 
25672375.000 

27000000.000 
28372025.000 
29791000.000 
31255875.000 
32768000.000 

34328125.000 
35937000.000 
37595375.000 
39304000.000 
41063625.000 

42875000.000 
44738875.000 
46656000.000 
48627125.000 
.50653000.000 

52734375.000 
54872000.000 
57066625.000 
59319000.000 
61629875.000 

64000000.000 
66430125.000 
68921000.000 
71473375.000 
74088000.000 

76765025.000 
79507000.000 
82312875.000 
85184000.000 
88121125.000 

91125000.000 

94196375.000 

97336000.000 

100544625.000 

103823000.000 

107171875.000 
110592000.000 
114084125.000 
117649000.000 
121287375.000 
125000000.000 



Sq. 


Cube 


Root 


Root 


16.5831 


6.5030 


16.7332 


6.5421 


16.8819 


6.5808 


17.0294 


6.6191 


17.1756 


6.6569 


17.3205 


6.6943 


17.4642 


6.7313 


17.6068 


6.7679 


17.7482 


6.8041 


17.8885 


6.8399 


18.0278 


6.8753 


18.1659 


6.0104 


18.3080 


6.9451 


18.4391 


6.9795 


18.5742 


7.0136 


18.7083 


7.0473 


18.8414 


7.0807 


18.»737 


7.1138 


19.1060. 


7.1466 


19.2354 


7.1791 


19.3649 


7.2112 


19.4936 


7.2432 


19.6214 


7.2748 


19.7484 


7.3061 


19.8746 


7.3372 


20.0000 


7.3681 


20.1246 


7.3986 


20.2485 


7.4290 


20.3715 


7.4500 


20.4939 


7.4880 


20.6155 


7.5185 


20.7364 


7.5478 


20.8567 


7.5770 


20.9762 


7.6059 


21.0950 


7.6346 


21.2132 


7.6631 


21.3307 


7.6914 


21.4476 


7.7194 


21.5639 


7.7473 


21.6795 


7.7750 


21.7045 


7.8025 


21.9089 


7.8297 


22.0227 


7.8568 


22.1359 


7.8837 


22.2486 


7.9105 


22.3607 


7.9370 



Oirde 



Olrcumf. 



863.94 
879.65 
895.35 
911.06 
926.77 

942.48 

' 958.19 

073.89 

989.60 

1005.31 

1021.02 
1036.73 
1052.43 
1068.14 
1063.85 

1099.56 
1115.27 
1130.97 
1146.68 
1162.39 

1178.10 
1193.81 
1200.51 
1225.22 
1240.93 

1256.64 
1272.35 
1288.05 
1308.76 
1319.47 

1335.18 
1350.88 
1366.59 
1382.30 
1398.01 

1413.72 
1429.42 
1445.13 
1460.84 
1476.55 

1492.26 
1507.96 
1523.67 
1539.38 
1555.09 
1570.80 



Area 



59395.74 
61575.22 
63793.97 
66051.99 
68349.28 

70685.83 
73061.66 
75476.76 
77931.13 
80424.77 

82957.68 
85529.86 
88141.31 
90792.03 
93482.02 

96211.28 

98979.80 

101787.60 

104634.67 

107521.01 

110446.62 
113411.40 
116415.64 
119450.06 
122541.75 

125663.71 
128824.93 
132025.43 
135265.20 
138544.24 

141862.54 
145220.12 
148616.97 
152058.08 
155528.47 

159043.13 
162597.05 
166190.25 
169822.72 
173404.45 

177205.46 
180955.74 
184745.28 
188574.10 
192442.18 
196349.54 
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TABLE 2. 
Trigonometric Functions. 



Anfirle, 


Sine 


Tangent 


- 


Angle, 


Sine 


Tangent 




degrees 








degrees 








0.0 


0.00000 


0.00000 


90.0 


47.5 


0.73728 


1.0013 


42.5 


2.5 


0.04362 


0.04362 


87.5 


50.0 


0.76604 


1.1917 


40.0 


5.0 


0.08716 


0.08749 


85.0 


52.5 


0.79335 


1.3032 


87.5 


7.5 


0.13058 


0.13165 


82.5 


55.0 


0.81915 


1.4281 


85.0 


10.0 


0.17365 


0.17683 


80.0 


57.5 


0.84389 


1.5697 


32.5 


12.5 


0.21644 


0.22169 


77.5 


60.0 


0.86603 


1.7321 


80.0 


15.0 


0.25882 


0.26795 


75.0 


62.5 


0.88701 


1.9210 


27.5 


17.5 


0.30071 


0.31530 


72.5 


65.0 


0.90631 


2.1445 


25.0 


20.0 


0.34202 


0.36397 


70.0 


67.5 


0.92388 


2.4142 


22.5 


22.5 


0.382C3 


0.41421 


67.5 


70.0 


0.98969 


2.7474 


20.0 


25.0 


0.42262 


0.46681 


66.0 


72.5 


0.95372 


3.1716 


17.5 


27.5 


0.46175 


0.52057 


62.5 


75.0 


0.96593 


3.7821 


15.0 


30.0 


0.50000 


0.57785 


60.0 


77.5 


0.97680 


4.5107 


12.5 


32.5 


0.53730 


0.63707 


57.5 


80.0 


0.96481 


5.6713 


10.0 


35.0 


0.57858 


O.70O21 


55.0 


82.5 


0.99144 


7.5958 


7.5 


37.5 


0.60876 


0.76733 


52.5 


85.0 


0.99619 


11.430 


5.0 


40.0 


0.64279 


0.83910 


50.0 


87.0 


0.99863 


19.061 


3.0 


42.5 


0.67569 


0.91633 


47.5 


88.5 


o.s/ywvio 


38.188 


1.5 


45.0 


0.70711 


1.0000 


45.0 


90.0 


1.0000 


Tnffnlte 


0.0 




Cosine 


Ootan- 


Angle, 




Cosine 


Cotan- 


Angle, 






l gent 


degrees 






gent J 


degrees 



TABLE 3. 
Equivalents of Compound Units. 



1 lb. per sq. in. 



1 oz. per sq. in. 



1 in. of water at 62° F. = 



1 In. of water at 32° F. 



1 In. of mercury at 62° F. = 



1 ft. of air at 32° F. 



r 27.71 in. of water at 62° F. 

2.0355 in. of mercury at 82° F. 

2.0416 in. of mercury at 62° F. 

2.3090 ft. of water at 62° F. 
L1784. ft. of air at 32° F. 



{| 
'{■ 
{° 

Us. 

-{: 



1276 in. of mercury at 62° F. 
732 in. of water at 62° F. 



03609 lb. or .5574 oz. per s, in. 

196 lbs. per sq. ft. 

0736 in. of mercury at 62° F. 



5.2021 lbs. per sq. ft. 
0.086125 lb. per sq. in. 



491 lb. or 7.86 oz. per sq. in. 
132 ft. of water at 62* F. 
58 In. of water at 62° F. 



0.0006606 lb. per sq. In. 
0.015534 In. of water at 62° F. 
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TABLE 4. 
Properties of Saturated Steam.* 



Abs. 


Temp., 


Sp. vol.. 


Density, 


Heat 


Latent 


Heat 


pres.. 


deg. 


cu. ft. 


lb. per 


of the 


heat of 


content 


lb.. 


fahr., 


per lb., 


cu. ft.. 


Uquid, 


evap.. 


of steam. 


P 


* 


«" 


1/17" 


V 


r 


i" 


1 


• 

101.83 


333.0 


0.00300 


69.8 


1034.6 


1104.4 


2 


126.15 


173.5 


0.00576 


94.0 


1021.0 


1115.0 


3 


141.52 


118.5 


0.00845 


109.4 


1012.3 


1121.6. 


4 


153.01 


90.5 


0.01107 


120.9 


1005.7 


1126.5 


5 


162.28 


73.33 


0.01364 


130.1 


1000.3 


1130.5 


6 


170.06 


61.89 


0.01616 


137.9 


995.8 


1133.7 


7 


176.85 


53.56 


0.01867 


144.7 


991.8 


1136.5 


8. 


182.86 


47.27 


0.02115 


150.8 


988.2 


1139.0 


9 


188.27 


42.36 


0.02381 


156.2 


985.0 


1141.1 


1(V 


193.22 


38.38 


0.02606 


161.1 


982.0 


1143.1 


11 


197.75 


35.10 


0.02849 


165.7 


979.2 


1144.9 


12 


201.96 


32.36 


0.09090 


169.9 


976.6 


1146.5 


13 


205.87 


30.03 


0.03330 


173.8 


974.2 


1148.0 


14 


209.55 


28.02 


0.03569 


177.5 


971.9 


1149.4 


14.7 


212.00 


26.79 


0.03732 


180.0 


970.4 


1150.4 


15 


213.0 


26.27 


0.03806 


181.0 


969.7 


1150.7 


16 


216.3 


24.79 


0.04042 


184.4 


967.6 


1152.0 


17 


219.4 


23.38 


0.04277 


187.5 


965.6 


1153.1 


18 


222.4 


22.16 


0.04.512 


190.5 


963.7 


1154.2 


19 


225.2 


21.07 


0.04746 


193.4 


961.8 


1155.2 


W 


228.0 


20.08 


0.04980 


196.1 


960.0 


1156.2 


21 


230.6 


19.18 


0.05213 


198.8 


958.3 


1157.1 


23 


233.1 


18.37 


0.05445 


201.3 


956.7 


1158.0 


23 


235.5 


17.62 


0.05676 


203.8 


955.1 


1158.8 


24 


237.8 


16.93 


0.05907 


206.1 


953.5 


1159.6 


25 


240.1 


16.30 


0.0614 


208.4 


952.0 


1160.4 


26 


242.2 


15.72 


0.0636 


210.6 


950.6 


1161.2 


27 


244.4 


15.18 


0.0659 


212.7 


949.2 


1161.9 


28 


246.4 


14.67 


0.0682 


214.8 


947.8 


1162.6 


29 


248.4 


14.19 


0.0705 


216.8 


946.4 


1163.2 


30 


250.3 


13.74 


0.0728 


218.8 


945.1 


1163.9 


31 


252.2 


13.32 


0.0751 


220.7 


943.8 


1164.5 


32 


254.1 


12.93 


0.0773 


222.6 


942.5 


1165.1 


33 


255.8 


12.57 


0.0795 


224.4 


941.3 


1165.7 


34 


257.6 


12.22 


0.0818 


226.2 


940.1 


1166.3 


35 


259.3 


11.89 


0.0841 


227.9 


938.9 


1166.8 


36 


261.0 


11.58 


0.0863 


229.6 


937.7 


1167.3 


37 


262.6 


11.29 


0.0886 


231.3 


936.6 


1167.8 


38 


264.2 


11.01 


0.0908 


232.9 


935.5 


1168.4 


39 


265.8 


10.74 


0.0031 


234.5 


934.4 


1168.9 


40 


267.3 


10.49 


0.0953 


236.1 


933.3 


1169.4 


41 


288.7 


10.25 


0.0976 


237.6 


932.2 


1169.8 


^ 


270.2 


10.02 


0.0998 


239.1 


931.2 


1170.3 


43 


271.7 


9.80 


0.1020 


240.5 


930.2 


1170.7 


** 


273.1 


9.59 


0.1043 


242.0 


929.2 


1171.2 


45 


274.5 


9.39 


0.1065 


243.4 


928.2 


1171.6 


46 


275.8 


9.20 


0.1087 


244.8 


927.2 


1172.0 


47 


277.2 


9.02 


0.1109 


246.1 


926.3 


1172.4 


48 


278.5 


8.84 


0.1131 


247.5 


925.3 


1172.8 


49 


279.8 


8.67 


0.1153 


' 248.8 


924.4 


1173.2 



* Mnrks and Davis, Handbook. 



407 



Abs. 


T&mp., 


Sp. vol., 


Density, 


Heat 


Latent 


Heat 


pres., 


deg. 


cu. It. 


lb. per 


of the 


heat of 


content 


lb., 


fahr., 


per lb., 


cu. ft., 


liquid. 


evap., 


of steam^ 


P 


t 


17" 


1/t/' 


V 


r 


i" 


50 


281.0 


8.51 


0.1175 


250.1 


923.5 


1178.6 


51 


282.3 


8.35 


0.1197 


251.4 


922.6 


1174.0 


52 


283.5 


8.20 


0.1219 


252.6 


921.7 ' 


1174. S 


53 


284.7 


8.06 


0.1241 


253.9 


920.8 


1174.7 


54 

• 


285.9 


7.91 


0.1263 


255.1 


919.9 


1175.0 


55 


287.1 


7.78 


0.1285 


256.3 


919.0 


1175.4 


56 


288.2 


7.65 


0.13UV 


257.5 


918.2 


1175.7 


57 


289.4 


7.52 


0.1329 


258.7 


917.4 


1176.0 


58 


290.5 


7.40 


0.1350 


259.8 


916.5 


1176.4 


50 


291.6 


7.28 


0.1372 


261.0 


915.7 


1176.7 


60 


292.7 


7.17 


0.1394 


262.1 


914.9 


1177.0 


61 


293.8 


7.06 


0.1416 


263.2 


914.1 


1177.3 


62 


294.9 


0.95 


0.1438 


264.3 


913.3 


1177.6 


63 


295.9 


6.85 


0.1460 


265.4 


912.5 


1177.9 


64 


297.0 


6.75 


0.1482 


266.4 


911.8 


1178.2 


65 


298.0 


6.65 


0.1503 


267.5 


911.0 


1178.5 


66 


299.0 


6.56 


0.1525 


268.5 


910.2 


1178.8 


67 


800.0 


6.47 


0.1547 


269.6 


900.5 


1179.0 


68 


301.0 


6.38 


0.1569 


270.6 


908.7 


1179.3 


69 


302.0 


6.29 


0.1590 


271.6 


908.0 


1179.6 


70 


302.9 


6.20 


0.1612 


272.6 


907.2 


1179.8 


71 


303.9 


6.12 


0.1684 


273.6 


906.5 


1180.1 


72 


304.8 


6.04 


0.1666 


274.5 


906.8 


1180.4 


73 


306.8 


5.96 


0.1678 


275.5 


905.1 


1180.6 


74 


306.7 


5.89 


0.1699 


276.5 


904.4 


1180.9 


75 


307.6 


5.81 


0.1721 


277.4 


903.7 


1181.1 


76 


308.5 


5.74 


0.1743 


278.3 


908.0 


1181.4 


77 


309.4 


5.67 


0.1764 


279.3 


902.3 


1181.6 


78 


310; 3 


5.60 


0.1786 


280.2 


901.7 


1181.8 


79 


311.2 


5.54 


0.1808 


281.1 


901.0 


1182.1 


80 


312.0 


5.47 


0.1829 


282.0 


900.8 


1182.3 


81 


312.9 


5.41 


0.1851 


282.9 


899.7 


1182.5 


82 


313.8 


5.34 


0.1873 


283.8 


899.0 


1182,8 


83 


314.6 


5.28 


0.1894 


284.6 


898.4 


1183.0 


84- 


315.4 


5.22 


0.1915 


286.5 


897.7 


1183.2 


85 


316.3 


5.16 


0.1937 


286.3 


897.1 


1183.4 


88 


317.1 


5.10 


0.1959 


287.2 


896.4 


1183.6 


87 


317.9 


5.05 


0.1980 


288.0 


895.8 


1183.8 


88 


318.7 


5.00 


0.2001 


288.9 


895.2 


1184.0 


89 


S19.5 


4.94 


0.2023 


289.7 


894.6 


1184.2 


90 


320.3 


4.89 


0.2044 


290.5 


893.9 


1184.4 


91 


321.1 


4.84 


0.2065 


291.3 


893.3 


1184.6 


92 


321.8 


4.79 


0.2087 


292.1 


892.7 


1184.8 


93 


322.6 


4.74 


0.2109 


292.9 


892.1 


1185.0 


94 


323.4 


4.69 


0.2130 


298.7 


891.5 


1185.2 


95 


324.1 


4.65 


0.2151 


294.5 


890.9 


1185.4 


96 


324.9 


4.60 


0.2172 


295.3 


890.3 


1185.6 


97 


325.6 


4.56 


0.2193 


296.1 


889.7 


1185.8 


98 


326.4 


4.51 


0.2215 


296.8 


889.2 


1186:0 


99 


327.1 


4.47 


0.2237 


297.6 


868.6 


1186.2 



408 



Abs. 


Temp., 


Sp. vol., 


Density, 


Heat 


Latent 


Heat 


pres.. 


deir. 


cu. ft. 


lb. per 


of tbe 


beat of 


cont/Ont 


lb.. 


fabr.. 


per lb., 


cu. It., 


liquid, 


evap., 


of steam. 


P 


t 


V" 


1/t/' 


i' 


r 


i" 


100 


327.8 


4.429 


0.2258 


296.3 


888.0 


1186.3 


loe 


329.3 


4.347 


O.230O 


299.8 


886.9 


1186.7 


10* 


330.7 


4.268 


0.2343 


301.3 


HH6.8 


1187.0 


106 


332.0 


4.192 


0.2386 


302.7 


884.7 


1187.4 


loe 


333.4 


4.118 


0.2429 


304.1 


883.6 


1187.7 . 


110 


334.8 


4.047 


0.2472 


305.5 


882.5 


1188.0 


112 


336.1 


3.978 


0.2514 


306.9 


881.4 


1188.4 


Hi 


337.4 


3.912 


0.2556 


uUO.o 


880.4 


1188.7 


116 


338.7 


3.848 


0.2599 


309.6 


879.3 


1189.0 


118 


340.0 


3.786 


0.2641 


311.0 


878.3 


1189.3 


120 


341.3 


3.726 


0.2683 


312.3 


877.2 


1189.6 


122 


342.5 


3.668 


0.2726 


313.6 


876.2 


1189.8 


124 


343.8 


3.611 


0.2769 


314.9 


875.2 


1190.1 


126 


345.0 


3.566 


0.2812 


316.2 


874.2 


1190.4 


128 


346.2 


3.504 


0.2854 


317.4 


873.3 


1190.7 


190 


347.4 


3.452 


0.2897 


318.6 


872.3 


1191.0 


132 


348.5 


3.402 


0.2939 ' 


319.9 


871.3 


1191.2 


134 


349.7 


3.354 


0.2961 


321.1 


879.4 


1191.5 


136 


350.8 


«>.«jUO 


0.3023 


322.3 


869.4 


1191.7 


138 


352.0 


3.263 


0.3065 


323.4 


868.5 


1192.0 


140 


353.1 


3.219 


0.3107 


324.6 


887.6 


1192.2 


142 


354.2 


3.175 


0.3150 


325.8 


886.7 


1192.5 


144 


355.3 


3.133 


0.3192 


326.9 


865.8 


1192.7 


146 


856.3 


3.002 


• 0.3234 


328.0 


864.9 


1192.9 


148 


367.4 


3.052 


0.3276 


329.1 


864.0 


1193.2 


150 


358.5 


3.012 


0.3320 


330.2 


863.2 


1193.4 


152 


359.5 


2.974 


0.3362 


331.4 


862.3 


1193.6 


154 


860.5 


2.938 


0.3404 


332.4 


861.4 


1198.8 


156 


361.6 


2.902 


0.3446 


333.5 


860.6 


1194.1 


158 


362.6 


2.868 


0.3488 


334.6 


850.7 


1194.3 


160 


363.6 


2.884 


0.3529 


335.6 


858.8 


1194.5 


162 


364.6 


2.801 


0.3570 


336.7 


858.0 


1194.7 


164 


865.6 


2.769 


0.3612 


337.7 


857.2 


1194.9 


166 


366.5 


2.737 


0.3654 


338.7 


856.4 


1195.1 


168 


367.5 


2.706 


0.3696 


339.7 


865.5 


1195.3 


170 


368.5 


2.675 


0.3738 


340.7 


854.7 


1195.4 


172 


369.4 


2.645 


0.3780 


341.7 


853.9 


1195.6 


174 


370.4 


2.616 


0.3822 


342.7 


853.1 


1195.8 


176 


371.3 


2.588 


0.3864 


343.7 


852.3 


1196.0 


178 


372.2 


2.560 


0.3906 


344.7 


861.5 


1196.2 


180 


373.1 


2.533 


0.3948 


345.6 


850.8 


1196.4 


182 


374.0 


2.507 


0.3989 


346.6 


850.0 


1196.6 


184 


874.9 


2.481 


0.4031 


347.6 


849.2 


1196.8 


186 


375.8 


2.466 


0.4073 


348.5 


848.4 


1196.9 


188 


376.7 


2.430 


0.4115 


349.4 


847.7 


1197.1 


190 


377.6 


2.406 


0.4157 


350.4 


846.9 


1197.3 


192 


378.5 


2.381 


0.4199 


351.3 


846.1 


1197.4 


194 


379.3 


2.358 


0.4241 


352.2 


845.4 


1197.6 


196 


380.2 


2.835 


0.4283 


353.1 


844.7 


1197.8 


196 


381.0 


2.312 


0.4325 


354.0 


843.9 


1197.9 



409 



Abs. 


Temp., 


Sp. vol., 


Density, 


Heat 


Latent 


Heat 


pres., 


deg. 


CU. ft. 


lb. per 


of the 


heat of 


content 


lb., 


fahr., 


per lb.. 


CU. ft.. 


liquid. 


erap.. 


of steam. 


P 


t 


v" 


l/t?" 


i' 


r 


i" 


200 


381.9 


2.290 


0.437 


S&4.9 


84S.2 


1196.1 


205 


384.0 


2.237 


0.447 


357.1 


841.4 


1198.5 


210 


386.0 


2.187 


0.457 


359.2 


839.6 


1196.8 


215 


388.0 


2.138 


0.468 


361.4 


837.9 


1199.2 


220 


389.9 


2.091 


0.478 


363.4 


V38.2 


1199.6 


225 


391.9 


2.046 


0.489 


365.5 


834.4 


1199.9 


230 


393.8 


2.004 


0.499 


367.5 


832.8 


1200.2 


235 


395.6 


1.964 


0.509 


369.4 


831.1 


1200.6 


240 


397.4 


1.924 


0..520 


371.4 


829.5 


1200.9 


245 


3J)9.3 


1.887 


0.530 


373.3 


827.9 


1201.2 


250 


401.1 


1.850 


0.541 


375.2 


826.3 


1201.5 


200 


404.5 


1.782 


0.561 


378.9 


823.1 


1202.1 


270 


407.9 


1.718 


0.582 


382.5 


820.1 


1202.6 


280 


411.2 


1.658 


0.603 


386.0 


817.1 


1203.1 


290 


414.4 


1.602 


0.624 


389.4 


814.2 


1208.€ 


300 


417.5 


1.551 


0.645 


392.7 


811.3 


1204.1 


350 


431.9 


1.334 


0.750 


406.2 


797.8 


1206.1 


400 


444.8 


1.17 


0.86 


422.0 


788.0 


1208.O 


450 


456.5 


1.04 


0.96 


435.0 


774.0 


1209.0 


500 


467.3 


0.93 


1.08 


448.0 


762.0 


1210.0 


660 


486.6 


0.76 


1.32 


469.0 


741.0 


1210.0 



410 



e = 



TABLE ^. 

Naperlan liOgrarltknts. 

2.7182818 Log e = 0.4342945 



= M. 



1.0 


0.0000 


4.1 


1.4110 




1.1 


0.0953 


4.2 


1.4351 




1.2 


0.1823 


4.3 


1.4586 




1.3 


0.2624 


4.4 


1.4816 




1.4 


0.3365 


4.5 


1.5041 




1.5 


0.4055 


4.6 


1.5261 




1.6 


0.4700 


4.7 


1.5476 




1.7 


0.5306 


4.8 


1.5686 




1.8 


0.5878 


4.9 


1.5892 




1.9 


0.6419 


5.0 


1.6094 




2.0 


0.6931 


5.1 


1.6292 




2.1 


0.7419 


5.2 


1.6487 




2.2 


0.7885 


5.3 


1.6677 




2.3 


0.8329 


5.4 


1.6864 




2.4 


0.8755 


5.5 


1.7047 




2.5 


0.9163 


5.6 


1.7228 




2.6 


0.9555 


5.7 


1.7405 




2.7 


0.9933 


5.8 


1.7579 




2.8 


1.0296 


5.9 


1.7760 




2.9 


1.0647 


6.0 


1.7918 




3.0 


1.0986 


6.1 


1.8083 




3.1 


1.1312 


6.2 


1.8245 




3.2 


1.1632 


6.3 


1.8405 




3.3 


1.1939 


6.4 


1.8563 




3.4 


1.2238 


6.5 


1.8718 




3.5 


1.2528 


6.6 


1.8871 




3.6 


1.2809 


6.7 


1.9021 




3.7 


1.3063 


6.8 


1.9169 




3.8 


1.3350 


6.9 


1.9315 




3.9 


1.3610 


7.0 


1.9459 




4.0 


1.3863 


7.1 


1.9601 





7.2 


1.9741 


7.3 


1.9879 


7.4 


2.0015 


7.5 


2.0149 


7.6 


2.0281 


7.7 


2.0412 


7.8 


2.0541 


7.9 


2.0669 


8.0 


2.0794 


8.1 


2.0919 


8.2 


2.1041 


8.3 


2.1163 


8.4 


2.1282 


8.5 


2.1401 


8.6 


2.1518 


8.7 


3.1633 


8.8 


2.1748 


8.9 


2.1861 


9.0 


2.1972 


9.1 


2.2063 


9.2 


2.2192 


9.3 


2.2300 


9.4 


2.2407 


9.5 


2.2513 


9.6 


2.2618 


9.7 


2.2721 


9.8 


2.2824 


9.9 


2.2925 


10.0 


2.3026 



TABLE 6. 
Water Convemlon Factors.* 



(39.1' 
.1' 



U. S. gallons 
U. S. gallons 
U. S. gallons 
U. S. gallons 
Cubic inches of water 
Cfubic inches of water (39. 
Cubic inches of water (39. 
Cubic feet of water (39.1") 
Cubic feet of water (39.1") 
Cubic feet of water (39.1") 
Pounds of water 
Pounds of water 
Pounds of water 



X 8.33 = pounds. 

X 0.13368 = cubic feet. 

X 231.00000 = cubic inches. 

X 3.78 = liters. 

) X 0.036024 = pounds. 

) X 0.004329 = U. S. gallons. 

) X 0.576384 = ounces. 

X 62.425 = pounds. 

X 7.48 = U. S. gallons. 

X 0.028 = tons. 

X 27.72 = cubic inches. 

X 0.01602 = cubic feet. 

X 0.12 = U. S. gallons. 



lit 



m 



i! 



* American Machinist Hand Book. 
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TABLE 7. 

Volume and Weigrht of Dr^^ Air at Different Temperatures.* 

Under a constant atmospheric pressure of 29.92 inches of 
mercury, the volume at 32" F. being: 1. 



Temp. 


Volume 


Weight 


Temp'. 


Volume 


Weight 


deg. F. 




per cu. ft. 


deg. F. 




per cu. ft. 





.935 


.0864 


500 


1.964 


.0413 


12 


.960 


.0842 


552 


2.056 


.0386 


22 


.980 


.0824 


600 


2.150 


.0876 


32 


1.000 


. .0807 


650 


2.260 


.0357 


42 


1.020 


.0791 


700 


2.362 


.0338 


52 


1.041 


.0776 


750 


2.465 


.0328 


62 


1.061 


.0761 


80O 


2.566 


.0315 


72 


1.082 


.0747 


850 


2.668 


.0303 


82 


1.102 


.0733 


900 


2.770 


.0292 


92 


1.122 


.0720 


950 


2.871 


.0281 


102 


1.143 


.0707 


1000 


2.974 


.0268 


112 


1.163 


.0694 


1100 


3.177 


.0254 


122 


1.184 


.0682 


1200 


3.381 


.0239 


132 


1.204 


.0671 


1800 


3.584 


.0225 


142 


1.224 


.0650 


1400 


3.788 


.0213 


152- 


1.245 


.0649 


1500 


U • <7<7d 


.0202 


162 


1.2&5 


.0638 


1600 


4.196 


.0192 


172 


1.285 


.0628 


1700 


4.402 


.0183 


182 


1.306 


.0618 


1800 


4.605 


.0175 


192 


1.326 


.0609 


1900 


4.808 


.0168 


202 


1.347 


.0600 


2000 


5.012 


.0161 


212 


1.367 


.0591 


2100 


5.217 


.0155 


230 


1.404 


.0675 


220O 


5.420 


.0149 


250 


1.444 


.0559 


2300 


5.625 


.0142 


275 


1.495 


.0540 


2400 


5.827 


.0138 


300 


1.546 


.0522 


2500 


6.032 


.0133 


325 


1.597 


.0506 


2600 


6.236 


.0130 


350 


1.648 


.0490 


2700 


«.440 


.0125 


375 


1.689 


.0477 


2800 


6.644 


.0121 


400 


1.750 


.0461 


2900 


6.847 


.0118 


450 


1.852 


.0436 


8000 


7.051 


.0114 



TABLE 8. 
Temperature of the Boiling Point at Different Helgrhta of the 

Mercury Column.f 



Inches 

Temp. F. 


29.92 
212 


28.75 
210 


27.62 
208 


26.52 

206 


25.46 
204 


24.44 
202 


28.45 
200 


Inches 


22.50 
193 


21.58 
196 


20.68 
194 


19.83 
192 


19.00 
190 


18.20 
188 


17.42 


Temp. F 


186 



* Suplee's M. E. Reference Book, 
t Smithsonian Tables. 
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TABLE 8. 
TVeigrht of Pure \l^ater per Cubic Foot at Various 

Temperatures.* 



Temp. 


Weight 


B. t. u. 


Temp. 


Weight 


B. t. u. 


deg. 


lbs. per 


per pound 


deg. 


lbs. per 


per pound 


P. 


cu. It. 


above 32 


F. 


cu. ft. 


above 32 


32 


62.42 


0.00 


77 


62.26 


45.04 


33 


62.42 


1.01 


78 


62.25 


46.04 


34 


62.42 


2.02 


79 


62.24 


47.04 


35 


62.42 


3.02 


80 


62.23 


48.03 


36 


62.42 


4.03 


81 


62.22 


49.03 


37 


62.42 


5.04 


82 


62.21 


50.03 


38 


62.42 


6.04 


83 


62.20 


51.02 


39 


62.42 


7.05 


84 


62.19 


52.02  


40 


62.42 


8.05 


85 


62.18 


53.02 


41 


62.42 


9.05 


86 


62.17 


54.01 


42 


62.42 


10.06 


• 


62.16 


55.01 


43 


62.42 


11.06 


S8 


62.15 


56.01 


44 


62.42 


12.06 


80 


62.14 


57.00 


4^ 


62.42 


13.07 


90 


62.13 


58.00 


46 


62.42 


14.07 


91 


62.12 


59.00 


47 


62.42 


15.07 


92 


62.11 


60.00 


48 


62.41 


16.07 


93 


62.10 


60.99 


49 


62.41 


17.08 


94 


62.00 


61.99 


50 


62.41 


18.08 


95 


62.08 


62.99 


51 


62.41 


19.06 


96 


62.07 


63.98 


52 


62.40 


20.08 


97 


62.06 


64.98 


53 


62.40 


21.08 


98 


62.05 


65.98 


54 


62.40 


22.08 


99 


62.03 


66.97 


55 


62.39 


23.08 


100 


62.02 


67.97 


56 


62.39 


24.06 


101 


62.01 


68.97 


57 


62.89 


25.08 


102 


62.00 


69.96 


58 


62.38 


26.08 


103 


61.99 


70.96 


59 


62.38 


27.08 


104 


61.97 


71.96 


60 


62.37 


28.08 


105 


61.96 


72.95 


61 


62.37 


29.08 


106 


61.95 


73.95 


62 


62.36 


30.08 


107 


61.93 


74.95 


63 


62.36 


31.07 


108 


61.92 


75.95 


64 


62.35 


32.07 


109 


61.91 


76.94 


65 


62.34 


33.07 


110 


61.89 


77.94 


66 


62.34 


34.07 


111 


61.88 


78.94 


67 


62.33 


35.07 


112 


61.86 


79.93 


68 


62.33 


36.07 


113 


61.85 


80.93' 


60 


62.32 


37.06 


114 


61.83 


81.93 


70 


62.31 


38.06 


115 


61.82 


82.92 


71 


62.31 


39.06 


110 


61.80 


83.92 


72 


62.30 


40.05 


117 


61.78 


84.92 


73 


62.29 


41.05 


118 


61.77 


85.92 


74 


62.28 


42.05 


119 


61.75 


86.91 


75 


62.28 


43.05 


120 


61.74 


87.91 


76 


62.27 


44.04 


121 


61.72 


88.91 
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Temp. 


Weight 


B. t. u. 


Temp. 


Weight 


B. t. u. 


deg. 


lbs. per 


per pound 


deg. 


lbs. per 


per ponnd 


P. 


cu. ft. 


aboTO 32 


F. 


cu. ft. 


above 32 


122 


61.70 


89.91 


167 


60.83 


134.86 


123 


61.68 


90.90 


168 


60.81 


135.86 


124 


61.67 


91.90 


169 


60.79 


136.86 


125 


61.65 


92.90 


170 


60.77 


187.87 


126 


61.63 


93.90 


171 


60.75 


138.87 


127 


61.61 


94.89 


172 


60.78 


139.87 


128 


61.60 


95.89 


173 


60.70 


140.87 


129 


61.58 


96.89 


174 


60.68 


141.87 


130 


61.56 


97.89 


175 


60.66 


142.87 


131 


61.54 


98.89 


176 


60.64 


143.87 


132 


61.52 


99.88 


177 


60.62 


144.88 


133 


61.51 


100.88 


178 


60.59 


145.88 


134 


61.49 


101.88 


179 


60.57 


146.88 


135 


61.47 


102.88 


180 


60.56 


147.88 


136 


61.45 


103.88 

ft 


181 


60.53 


148.88 


137 


61.43 


104.87 


182 


60.50 


149.89 


138 


61.41 


105.87 


183 


60.48 


150.89 


139 


61.39 


106.87 


184 


60.46 


151.89 


140 


61.37 


107.87 


185 


60.44 


152.89 


141 


61.36 


108.87 


186 


60.41 


153.89 


142 


61.34 


100.87 


187 


60.39 


154.90 


143 


61.32 


110.87 


188 


60.37 


155.90 


144 


61.30 


111.87 


180 


60.34 


156.90 


145 


61.28 


112.86 


190 


60.32 


157.91 


146 


61.26 


113.86 


191 


60.29 


158.91 


147 


61.24 


114.86 


192 


60.27 


159.91 


148 


61.22 


115.86 


193 


60.25 


160.91 


149 


61.20 


116.86 


194 


60.22 


161.92 


150 


61.18 


117.86 


195 


60.20 


162.92 


151 


61.16 


118.86 


196 


60.17 . 


163.92 


152 


61.14 


119.86 


197 


60.15 


164.93 


153 


61.12 


120.86 


198 


60.12 


165.93 


154 


61.10 


121.86 


199 


60. IQ 


166.94 


155 


61.08 


122.86 


200 


60.07- 


167.94 


156 


61.06 


123.86 


201 


60.06 


168.94 


157 


61.04 


124.86 


202 


60.02 


169.95 


158 


61.02 


125.86 


203 


60.00 


170.95 


159 


61.00 


126.86 


204 


59.97 


171.96 


160 


60.98 


127.86 


205 


59.95 


172.96 


161 


60.96 


128.86 


206 


59.92 


173.97 


162 


60.94 


129.86 


207 


59.89 


174.97 


163 


60.92 


130.86 


206 


59.87 


175.98 


164 


60.90 


131.86 


209 


uy.o4 


176.98 


165 


60.87 


132.86 


210 


59.82 


177.99 


166 


60.85 


133.86 


211 


59.79 


178.99 








212 


59.76 


180. 
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TABLE 10. 
Boillns Point of Wtiter at Dllferent Heights of Vacnnm. 





Height of 




Heightot 


Temp. 


mercury In 


Temp. 


mercury in 


F. 


vacuum tube 


F. 


vacuum tube 




in inches 




in inches 


212.0 


0.00 


175.8 


16.00 


210.3 


1.00 


172.6 


17.00 


206.5 


2.00 


169.0 


18.00 


206.8 


3.00 


165.3 


19.00 


204.8 


4.00 


161.2 


20.00 


202.9 


5.00 


156.7 


21.00 


200.9 


6.00 


151.9 


22.00 


199.0 


7.00 


146.5 


23.00 


196.7 


8.00 


140.3 


24.00 


194.5 


9.00 


133.3 


25.00 


192.2 • 


10.00 


124.9 


26.00 


189.7 


11. OO 


114.4 


27.00 


187.3 


12.00 


106.4 


28.00 


184.6 


13.00 


102.0 


29.00 


181.3 


14.00 


98.0 


29.92 


178.9 


15.00 







TABLE 11. 

iJ^elKht of Water with Air per Cubic Foot at Different 

TemperatureM and at Saturation. 



• 

B 
S 


Weight, 
grains 


1^ 

• 

i 


Weight, 
grains 


pel 

• 

p. 

a 


Weight, 
grains 


pel 

6, 

a 


Weight, 
grains 


Temp. F. 


Weight, 
grains 


• 

P. 

s 


Weight, 
grains 


—20 


0.166 


2 


0.529 


24 


1.483 


46 


3.539 


68 


7.480 


90 


14.790 


—19 


0.174 


3 


0.554 


25 


1.551 


47 


3.667 


69 


7.726 


91 


15.2:14 


—18 


0.184 


4 


0.582 


26 


1.623 


48 


3.800 


70 


7.980 


92 


15.689 


—17 


0.196 


5 


0.610 


27 


1.697 


49 


3.936 


71 


8.240 


93 


16.155 


—16 


0.207 


6 


0.639 


28 

1 


1.773 


50 


4.076 


72 


8.508 


94 


16.634 


—15 


0.218 


7 


0.671 


29 


1.853 


51 


4.222 


73 


8.782 


95 


17.124 


—14 


0.231 


8 


0.704 


30 


1.935 


52 


4.372 


74 


9.066 


96 


17.626 


—13 


0.243 


9 


0.739 


31 


2.022 


53 


4.526 


75 


9.356 


97 


18.142 


—12 


0.257 


10 


0.776 


32 


2.113 


54 


4.685 


76 


9.655 


96 


18.671 


—11 


0.270 


11 


0.816 


33 


2.194 


55 


4.849 


77 


9.962 


99 


19.212 


—10 


0.285 


12 


0.856 


34 


2.279 


56 


5.016 


78 


10.277 


100 


19.766 


— 9 


0.300 


13 


0.898 


35 


2.366 


57 


5.191 


79 


10.601 


101 


20.335 


— 8 


0.316 


14 


0.941 


36 


2.457 


58 


5.370 


80 


10.934 


102 


21.017 


-7 


0.332 


15 


0.986 


37 


2.550 


59 


5.555 


81 


11.275 


103 


21.514 


— 6 


0.350 


16 


1.032 


38 


2.646 


60 


5.745 


82 


11.626 


104 


22.125 


— 5 


0.370 


17 


1.060 


39 


2.746 


61 


5.941 


83 


11.987 


105 


22.750 


— 4 


0.3H9. 


18 


1.128 


40 


2.849 


62 


6.142 


84 


12.356 


106 


23.392 


— 3 


0.411 


19 


1.181 


41 


2.955 ' 


68 


6.349 


85 


12.736 


107 


24.048 


— 2 


0.434 


20 


1.235 


42 


3.064 


64 


6.563 


86 


13.127 


108 


24.720 


— 1 


0.457 


21 


1.294 


43 


8.177 


65 


6.782 


87 


13.526 


109 


25.408 





0.481 


22 


1.355 


44 


3.294 


66 


7.009 


88 


13.937 


110 


26.112 


1 


0.505 


23 


1.418 


45 


3.414 


67 


7.241 


89 


14.359 
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TABLE 13. 

Properties of Air with^ Moisture under Pressure of One 

Atmosphere.* 





• 




s 




Mixtures of air saturated 










4^ 
4J 




1 

a 




with vapor 




4} 00 

p « 
_ ^ 








Weight of cubic 






•a 




Si 


t% 


d 


fl 


foot of the 








a> 




^1 


■s-s 


$3 


OS C a 
ffi * •^ 


mixture. 






OQ 


08 P 


a 








^ - 


S 

Si 

98 

09 


>> 

• 


** 2 

•M P. 

p i 

O wi 


OS OS 


-■30 

lei 


^ 00 

-^9 


n 


•M 
. 

Ha 



u 

U 



♦J 

•0 ft 

<M OS 

> 


2-^ 

"S'M P 


•3m 

'OP. 
^ (MO 


I 


CO 

>5 




Wo 






ttfo 


OS -^ 

HS 


00 


OS 08 


x> P g 

5g« 


5§ 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 





.935 


.0964 


0.044 


29.877 


.0863 


.000079 


.088379 


.00092 


1092.40 




48.5 


12 


.960 


.0842 


0.074 


29.849 


.0840 


.000130 


.084130 


.00115 


646.10 




50.1 


22 


.990 


.0*24 


0.118 


29.803 


.0821 


.000202 


.082302 


.00245 


406.40 




51.1 


32 


1.000 


.0907 


0.181 


29.740 


.0902 


.000304 


.090504 


.00379 


263.81 


328915 


52.0 


42 


1.020 


.0791 


0.267 


29.654 


.0784 


.000440 


.078840 


.00561 


178.18 


2252.0 


53.2 


52 


1.041 


.0766 


0.388 


29.533 


.0706 


.000627 


.077227 


.00819 


122.17 


1595.0 


54.0 


60 


1.057 


.0764 


0..522 


29.399 


.0751 


.000630 


.075252 


.01251 


92.27 


1227.0 


55.0 


62 


1.061 


.0761 


0.556 


29.365 


.0747 


.000881 


.075581 


.01179 


84.79 


1135.0 


55.2 


70 


1.078 


.0750 


0.754 


29.182 


.0731 


.0011.53 


.073,509 


.01780 


64.59 


882.0 56.2 


72 


1.082 


.0747 


0.785 


29.136 


.0727 


.001221 


.073921 


.01680 


59.54 


819.0 


56.3 


82 


1.102 


.0733 


1.092 


28.829 


.0706 


.001667 


.072267 


.02361 


42.35 


600.0 


57.2 


92 


1.122 


.0720 


1..501 


28.420 


.0684 


.002250 


.070717 


.03280 


30.40 


444.0 


58.4 


lOO 


1.139 


.0710 


1.929 


27.9f« 


.00641.002848 


.069261 


.04495 


23.66 


356.0 59.1 


102 


1.143 


.0707 


2.086 


27.885 


.06o:> .002997 


.068897 


.04547 


21.98 


334.0 59.5 


112 


1.163 


.0694 


2.731 


27. UK) 


.0631 


.003946 


.067042 


.06253 


15.99 


253.0 


60.6 


122 


1.184 


.0682 


3.621 


20.300 


.0509 


.005142 


.0(i5046 


.08584 


11.65 


194.0 


(H.7 


132 


1.204 


.0671 


4.7.52 


25.169 


.0564 


.006639 


.063r«9 


.11771 


8.49 


151.0 


62.5 


142 


1.224 


.0660 


6.165 


23.756 


.0524 


.006473 


.060873 


.16170 


6.18 


118.0 


63.7 


152 


1.24.=> 


.0649 


7.930 


21.991 


.0477 


.010716 


.056416 


.22465 


4.45 


93.3 


04.7 


162 


1.265 


.0638 


10.099 


19.822 


.0423 


.013415 


.055715 


.31713 


3.15 


74.5 


65.8 


172 


1.285 


.00^8 


12.758 


17.163 


.0360 


.010682 


.052682 


.46338 


2.16 


59.2 


66.9 


182 


1.306 


.0618 


15.960 


13.961 


.0288 


.020536 


.049336 


.71300 


1.402 


48.6 


B8.0 


192 


1.326 


.0609 


19.«^>^ 


10.093 


.02(r> 


.02.5142 


.045642 


1.22643 


.815 


39.8 69.0 


202 


1.347 


.0600 


24.450 


5.471 


.0100 


.030545 


.041445 


2.80230 

In- 

flnlte 


.357 


32.7 


70.0 


212 


1.367 


.0591 


29.921 


0.000 


.0000 


.036820 


.036820 


.000 


27.1 


71.1 
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».p. 


Relative moisture 


90% 


»fit 


70% 


60% 


50% 


a 


P. 


C. 1 P. 


«. 


P. 


o. 


P. 


o. 


F. 


o. 


F. 


10 

18 

2» 

26 
28 


1 


id!; 
vs'.i 


so!* 
si!? 


— oifl 

0.9 
2.!> 
1,6 
6.S 
8.5 
10. s 
12.8 
14. S 

22.2 
2fl!; 


26.8 
83:6 


air 

22!( 


23.2 

soil 

40.1 

sn'.B 


-6,i 

-i'.i 
oil 

is!: 


20.S 

2e;8 
sail 


-9.2 

-I'.l 
iiie 

13-0 
17^5 


1B.4 

2215 

28:8 
32.0 

56:4 



























Fur chrome trie Chartii HFcrnt Tent*. 

In recent years a highly techntoal study of humidity 
and Ita controL has been made by Mr. Willis H. Carrier. Flgr. 
A shows, merely tor the Bake of comparison, how closely his 
reaulta checked the earlier 
values obtained by the Gov- 
ernment Weather Bureau. The 
following charts. Figs. B and 
C. summarize the results of 






of the 



of the 



refer 



) Fig. 



C with air at 40 degrees and 40 per cent, humidity. If this 
air be heated to 100 degrees without addition of moisture 
It will be seen by interpolation that the humidity drops to 
about S per cent. If the same be heated to 100 deg'rees 
and enough moisture be added to keep the relative humid- 
ity at 40 per cent., then the absolute humidity changrea from 
15 g'ralns to 120 grains per pound of air. These figures 
may be reduced to grains per cubic foot by dividing by the 
volume per pound as given in the second column and will 
be found to check closely with those given by Fig. 7 and 
Table 3. Almost any other points relating to changes In 
volume, humidity and contained heat may be easily worked 
out by these .nirveK. 



TABLE 15. 
Fael Value of American Coal««* 



Coal 
name or locality 



ARKANSAS. 

Spadra Johnson Co. _- 

Ctoal Hill, Johnson Co. 

Hnntin^rton Co. 

Lignite 

OQLORADO. 

Lignite 

Lignite, slack 

ILLINOIS. 

Big Muddy, Jackson Co. 

Colchester, Slack 

Giliespie Macoupin Co. 

Mercer Oo. 

INDIANA. 

Cannel 

IOWA. 
Good CSieer 

KENTUCKY. 

Caking 

Cannel 

Lignite 

MISSOURI. 
Bevier Mines 

NEW MEXICO. 
Coal 

OHIO. 

Briar Hill, Mahoning Co 

Hocldng Valley 

PENNSYLVANIA. 

Anthracite 

Anthracite, pea 

Pittsburgh (average) 

Youghiogheney 

TEXAS. 

Port Worth 

Lignite 

WEST VIRGINIA. 

Pocahontas 

New River 



Fuel value per pound 
of coal 



B. t. u. 
calcu- 
lated 



14,420 



9,215 

13,560 
8.500 



14,020 
13,097 



14,391 

15,198 

9,326 



13,714 
13,414 

14,199 
12,300 



12,962 
14,200 



B. t. U. 
by calor- 
imeter 



11,812 
11,756 



11,781 
9.035 
9,739 

13,123 



8.702 



9,890 
11,756 



13,104 
12,936 

9,450 
14,273 



Theoret- 
ical evap- 
oration 
in lbs. 
from and 
at 212 
deg. P. 



14.90 

12.22 

12.17 

9.54 

14.01 
8.80 

1^.19 

9.35 

10.09 

13.58 

14.50 
13.56 

9.01 

14.89 

16.76 

9.65 

10.24 

12.17 

14.20 
13.90 

14.70 
12.73 
13.46 
13.39 

9.78 
13.41 

14.71 
14.70 



 Sturtevant's "Mechanical Draft." 



421 



TABLE 16. 
Capacltlea of Chiinneya.* 



Inside 
diam- 


t 


Maximum sq. ft. of cast iron radfating- 

surface and B. t. u. for a flue of the 

given diameter and height 


lined 

flue, 

inches 


25 
feet 
high 


36 
feet 
high 


49 
feet 
high 


64 
feet 
high 


81 
feet 
high 


100 
feet 
high 




Steam 


146 

243 

36600 

228 

379 

57000 

327 

544 

81750 

445 

742 

111250 

582 

969 

145500 

909 
1514 

227250 

1537 

2561 

384250 

2327 

3878 

581750 


175 

291 

43750 

273 
455 

68250 

392 
653 

98000 

534 

890 

133500 

608 

1163 

174500 

1090 

1817 

272500 

1844 

3073 

461000 

2792 

4663 

698000 


-J»4 

51000 

319 

531 

79750 

457 

762 
114250 

623 

1088 

155750 

814 

1357 

203500 

1272 

2120 

S18000- 

2151 

3586 

537750 

3257 

5429 

814250 


233 

38H 
58250 

364 

607 

91000 

523 

871 

130750 

712 

1187 

178000 

030 

1551 

232500 

1454 

2423 

363500 

2458 

4098 

614500 

3722 

6204 

990500 


262 

437 

65600 

410 

688 

102500 

588 
980 

147000 

801 

1335 

200250 

1047 

1745 

261750 

1638 
2726 

40U00O 

2766 

4610 

691500 

4188 

6080 

1047000 


2S>1 


6 


Hot water 

B. t. u. - _- 

Steam 


485 
72750 

455 


7 


Hot water _ 

B. t. u. 


758 
113750 




Steam 


653 


8 


Hot water 

B. t. u 

Steam 


1063 
1639S0 

890 


9 

• 

10 


Hot water 

B. t. u 

Steam 

Hot water 

B. t. u. 


1483 

222500 

1163 

1938 

290750 




Steam 


1817 


12 


Hot water 

B. t. u. 


3028 
454250 




Steam 


3073 


15 

18 


Hot water 

B. t. u 

Steam - _._ 

Hot water 

B. t. u. 


5122 
768250 

4653 

7755 

1163250 



Hadiation is calculated at 250 B. t. u. steam, 150 B. t. u. water. 



TABLE 17. 
Bxcelslor Double Wall Stack.f 



No. 


Sizes, Inches 


Area 
Stack, 
Sq. In. 


Gollar 

Diameter, 

Inches 


Nominal 


Inside 


Outside 


7 

8 

9 

12 


4x11 
4x13 
4x14 
6X13 


3x10 
3x12 
3x13 
5x12 


3%xl0% 
3%xl2% 
3%xl3% 
5%X12% 


30 
36 
39 
60 


8 and 9 

8, 9 and 10 

9 and 10 
9 and 10 



* The Model Boiler Manual. 
t Excelsior Furnace Co. 
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TABLE 18. 
Equallsiitton of Smoke Fluea— Commercial SIses.* 



Inside 


Brick flue 


Rectangular 


Outside 


diameter 


not lined 


lined flue 


iron 


lined flue 


well built 


outside of tile 


stack 


6 


872X8% 


# 


8 


7 


8%x8% 


7x7 


9 


8 


8%x8% 


8%x8% 


10 


9 


8%xl3 


8%xl3 


11 


10 


8%xl3 


8%xl3 


12 


12 


13x13 


13X13 


14 


15 


13X17 


13x18 


17 


18 


17x21% 


18x18 


20 



Round flue tile lining is listed by its inside measurement. 
Roetangular lining by outside measurement. 



TABLE 19. 
Dimensions of Regristers. 





Nominal 


Effective 






Size of 


area of 


area of 




Extreme 


opening, 


opening, 


opening, 


Tin box size, 


dimensions of 


inches 


square 


square 


inches 


register face, 




inches 


inches 




inches 


6x10 


60 


40 


6A X 10^» 


7H X IIH 


8x10 


80 


53 


8%xl0% 


9% X 11% 


8x12 


96 


64 


8%xl2% 


9%xl3% 


8x15 


120 


80 


8%xl5% 


9% X 161* 


9x12 


108 


72 


9 i X 12ii 


10% X 13% 


9x14 


126 


84 


&i* X im 


10% X 15% 


10x12 


120 


80 


lOi J X im 


nil X 1311 


10x14 


140 


93 


im X im 


nil X 1511 


10x16 


160 


107 


im X i6{h 


nil X ir% 


12x15 


180 


120 


12% X 15% 


14tVxl7 


12x19 


228 


152 


12%xl&% 


14^ X 21 


14x22 


308 


205 


14% x 22% 


16% X 24% 


15x25 


375 


250 


15% X 25% 


17%x27% 


16x20 


320 


213 


16% X 20% 


18^x22^ 


16x24 


384 


256 


16% X 24% 


18^x26^ 


20x20 


400 


267 


20}|x20}| 


22%x22% 


20x24 


480 


320 


20i| X 2411 


22%x26% 


20x26 


520 


347 


20}|x26i| 


22%x28% 


21x29 


609 


403 


2111 X 29}^ 


23%x31% 


27x27 


729 


486 


2711 X 2714 


29%x29% 


27x38 


1026 


684 


2711 X 38lf 


29%X40% 


30x30 


900 


600 


soli X 3011 


32% X 32% 



Dimensions of different makes of registers vary slightly. 
are for Tuttle & Bailey manufacture. 

* The Model Boiler Manual. 



The above 
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TABLE 20. 
CapacitleM of 'Warm Air Furnaces of Ordinary Construetion 

In Cubic Feet of Space Heated.* 



Divided space 


Fire-pot 


Uadivided space 


+10° 


0" 


—10° 


Diam. 


Area 


+10° 


0° 


—10° 


12000 


10000 


8000 


18 in. 


1.88q. ft. 


17000 


14000 


1200O 


14000 


12000 


10000 


20 " 


2.2 " 


22000 


17000 


14000 


1700O 


14000 


12000 


22 " 


2.6 " 


26000 


22000 


1700O 


22000 


18000 


14000 


24 " 


3.1 " 


3O00O 


26000 


22000 


26000 


220OO 


1800O 


26 " 


3.7 " 


35000 


30000 


26000 


30O0O 


26000 


22000 


28 " 


4.3 " 


40000 


35000 


30000 


35000 


30000 


26000 


80 " 


4.9 " 


50000 


40000 


35000 



TABLE 21. 
Capacities of Hot-Air Pipes and Reslaters.! 









C?ubic feet 








Equivalent 


Equiv- 


of space 


C?Qbic feet 


Cubic teeft 


Size of 


area in 


alent ill 


on first 


on second 


on third 


register 


round or 


square or 


floor same 


floor 


floor 




leader pipe 


risei pipe 


will heat 


 




6X8 


6 in. 


4x8 


400 


450 


500 


8x8 


7 " 


4x10 


450 


500 


560 


8x10 


8 " 


4x10 


500 


850 


880 


8x12 


8 " 


4x11 


800 


1000 


1060 


9x12 


9 " 


4x12 


1060 


1250 


1320 


9x14 


9 " 


4x14 


1050 


1850 


1450 


10x12 


10 " 


4x14 


1500 


1650 


1800 


10x14 


10 " 


6x10 


1800 


2000 


2200 


10x16 


10 " 


6x10 


1800 


2000 


2200 


12x14 


12 '* 


6x12 


2200 


2300 


2500 


12x15 


12 •' 


6x12 


2250 


280O 


2500 


12x17 


12 "  


6x14 


2300 


2600 


2800 


12x19 


12 " 


6x14 


2300 


2600 


2800 


14x18 


14 '• 


6x16 


2800 


300O 


3200 


14x20 


14 " 


6x16 


2900 


8000 


8200 


14x22 


14 " 


8x16 


3000 


3200 


8400 


16x20 


16 " 


8x18 


3600 


4000 


4^0 


16x24 


16 " 


8x18 


3700 


4000 


4250 


20x24 


18 " 


10x20 


4800 


5400 


5750 


20x26 


20 " 


10x24 


6000 


7000 


7460 



* Federal Furnace League Handbook. 
t Kidder's Arch, and B'ld'rs Pocket-Book. 
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TABLE 22. 
Air Heattms Capacity of TVarm Air Furnaces.* 







Total 








cross sec. 




Pire-pot 


Casing 


area of 


No. and size of lieat pipes that 






heat 


may be supplied 






pipes 




Diam 


Area 


Diam. 


180 sq. in. 




18 in. 


1.8 sq. ft. 


3(r-S2* 


3-9* or 4-8" 


20 " 


2.2 *' 


S4r9dr 


280 •' 


2-10* and 2-9* or 3-9* and 2-8" 


22 " 


2.6 " 


9dr.4fr 


390 " 


3-10^ and 2-9^ or 4-9* and 2-8" 


24 " 


3.1 •* 


40»-44" 


*70 " 


3-10^, 1-9* and 2-8* or 2-10* and 5-8" 


26 " 


3.7 " 


44*-50^ 


565 '♦ 


5-10* and 3-9* or 3-10*. 4-9" and 2-8" 


28 *' 


4.3 " 


4ar.5e* 


650 '• 


2-12*, 3-10" and 3-9* or 5-10^, 3-9" and 2-8" 


30 " 


4.9 " 


62*-a>^ 


730 " 


3-12*, 3-10* and 3-9* or &-10", 5-9* and 1-8" 



TABLE 23. 
Sectional Area (Square Inches) of Vertical Hot Air Flues, 

Natural Draft, Indirect System.f 

Outside temperature 60° F. Flue temperature 90° F. 







STEAM 






WATER 




Sq. ft. 


















cast iron 


















radiation 




•o 




^ 




TJ 




5 




II 


S t» 


V >. 


t >. 


4^ t>> 


S >> 


^ >* 


t^ tH 




6 u 


.fc f^ 


P (H 


So 


V *-• 


.fa »-' 


9 *- 




|5 

00 OD 


H 00 


£1 


1- 

GC OQ 




II 


Oto 50 


100 


75 


63 


60 


75 


68 


60 


60 


50 " 75 


150 


113 


94 


80 


113 


94 


80 


80 


75 " 100 


200 


150 


125 


100 


150 


125 


100 


100 


100 " 125 


250 


188 


156 


125 


188 


156 


125 


125 


125 " 150 


300 


225 


188 


150 


225 


188 


150 


150 


150 " 175 


350 


263 


219 


175 


263 


219 


175 


175 


175 '• 200 


400 


300 


250 


200 


300 


250 


200 


200 


200 " 225 


450 


.338 


281 


225 


338 


281 


225 


225 


225 " 250 


500 


375 


313 


250 


375 


313 


250 


250 


250 " 275 


550 


413 


344 


275 


413 


344 


275 - 


275 


275 *• 300 


600 


450 


375 


30O 


450 


375 


30O 


800 


30O " 825 


650 


488 


406 


325 


488 


406 


325 


325 


325 *• 850 


7W 


525 


438 


350 


525 


438 


350 


850 


350 " 375 


750 


563 


460 


375 


563 


469 


375 


375 


375 " 400 


800 


600 


500 


40O 


600 


500 


400 


400 


Velocity 


















feet per sec. 


2% 


4% 


5% 


6% 


1% 


2% 


4 


4 


Effective area 


















of register. 


1.00 


1.50 


1.83 


2.17 


1.00 


1.00 


1.33 


1.33 


Factor for 



















* Federal Furnace League Handbook. 
t The Model Boiler Manual. 
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TABLE 24. 
Sheet Metal Dimensions «nd IVelgrhts. 





Approximate 


Wt. per sq 


. ft. in lbs. 




Decimal 


Iron 


Steel 


U. S. Gage 


gage 


millimeterB 


480 lb9. per 
cu. ft. 


469.6 lbs. per 
cu. ft. 


numbers 


o.ooe 


O.06 


0.06 


0.082 




O.OOi 


0.10 


0.16 


0.163 




0.006 


0.15 


0.24 


0.245 


38-39 


0.008 


0.20 


0.32 


0.326 


34-35 


0.010 


0.25 


0.40 


0.406 


32 


0.012 


0.90 


0.48 


0.490 


30-31 


0.014 


0.36 


0.56 


0.571 


29 


0.016 


0.41 


0.64 


0.663 


27-28 


0.018 


0.46 


0.72 


0.734 


26-27 


0.020 


0.61 


0.80 


0.816 


25-28 


0.022 


0.66 


0.88 


0.896 


25 


0.025 


0.64 


1.00 


1.020 


24 


0.028 


0.71 


1.12 


1.142 


23 


0.082 


0.81 


1.28 


1.306 


21-22 


0.0S6 


0.91 


1.44 


1.469 


20-21 


0.040 


1.02 


1.60 


1.632 


19-20 


0.046 


1.14 


1.80 


1.836 


18-19 


0.050 


1.27 


2.00 


2.040 


18 


0.055 


1.40 


2.20 


2.244 


17 


O.06O 


1.52 


2.40 


2.448 


lfr-17 


0.065 


1.66 


2.60 


2.662 


15-16 


0.070 


1.78 


2.80 


2.856 


15 


0.075 


1.90 


3.00 


3.060 


14-15 


0.080 


2.03 


3.20 


3.264 


13-14 


0.085 


2.16 


3.40 


3.468 


13-14 


O.OOO 


2.28 


3.60 


3.672 


13-14 


0.096 


2.41 


3.80 


3.876 


12-13 


0.100 


2.54 


4.00 


4.080 


12-13 


0.110 


2.79 


4.40 


4.488 


12 


0.125 


3.18 


5.00 


5.100 


11 


0.135 


3.43 


5.40 


5.508 


10-11 


0.150 


' 3.81 


6.00 


6.120 


9-10 


0.166 


4.19 


6.60 


6.732 


&-9 


0.180 


4.57 


7.20 


7.344 


7-8 


0.200 


5.08 


8.00 


8.160 


6-7 


0.220 


5.59 


8.80 


8.976 


4-5 


0.240 


6.10 


9.60 


9.792 


3-4 


0.250 


6.36 


10. 00 


10.200 


3 



Por wieights of galvanized iron, multiply weight, black, by:— 
No. 28 No. 29 No. 24 No. 22 No. 20 No. 18 No. 16 



1.25 



1.21 



1.16 



1.13 



1.11 



1.06 



1.07 
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TABLE 25. 

Weight of Round Galvanised Iron Pipe and ESlbows of tke 
Proper Gagrea for Heatlngr and VentUatlngr "Worlc. 



Gage and 
weight per 
sq. ft. 


Dlam. of 
pipe 


Olrcumf. 
of pipe 
in inches 


Area in 
sq. in. 


Weight per 

running 

foot 


Weight of 
full elbow 


Gage and 
weight per 
sq. ft. 


Dlam. of 
pipe 


Olrcumf. 
of pipe 
in inches 


Area in 
sq. in. 


Wedght per 
running 
foot 


Weight of 
full elbow 




3 


9.43 


7.1 


0.7 


0.4 




36 


113.10 


1017.9 


17.2 


124.4 




4 


12.57 


12.6 


1.1 


0.9 




87 


116.24 


1075.2 


17.8 


131.4 


No. 28 


5 


15.71 


19.6 


1.2 


1.2 




38 


119.38 


1184.1 


18.2 


139.4 


0.78 


6 


18.85 


28.3 


1.4 


1.7 




39 


122.52 


1194.6 


18.7 


146.0 




7 


21.99 


38.5 


1.7 


2.3 




40 


125.66 


1256.6 


19.1 


152.9 




8 


25.13 


50.3 


1.9 


2.9 


No. 20 


41 


128.81 


1320.6 


19.6 


160.7 














1.66 


42 
43 


131.95 
135.09 


1385.4 
1452.2 


20.1 
20.6 


168.6 




9 


28.27 


63.6 


2.4 


4.3 


176.7 




10 


31.42 


78.5 


2.7 


5.3 




44 


138.23 


1520.5 


21.0 


185.0 


No. 28 


n 


34.56 


95.0 


2.9 


6.4 




45 


141.87 


1590.4 


21.5 


198.4 


0.91 


12 


37.70 


113.1 


3.2 


7.6 




46 


144.51 


1661.9 


22.0 


202.2 




13 
14 


40.84 
43.96 


132.7 
153.9 


3.4 
3.7 


8.9 
10.4 




47 














147.65 


1734.9 


29.2 














274.3 




15 


47.12 


176.7 


4.5 


13.5 




48 


150.80 


1809.6 


29.8 


286.6 




16 


50.27 


201.1 


4.7 


15.1 




49 


153.94 


1885.7 


3D.4 


296.8 


No. 25 


17 


53.41 


227.0 


5.0 


17.0 




50 


157.08 


1963.5 


31.0 


309.9 


1.08 


18 


56.55 


254.5 


5.3 


19.1 




51 


160.22 


2042.8 


81.6 


822.5 




19 


59.69 


283.5 


5.6 


21.4 


No. 18 


52 


163.36 


2123.7 


82.2 


835.1 




20 


62.83 


314.2 


6.0 


23.9 


2.16 


53 
54 


166.50 
169.65 


2206.2 


33.0 
33.6 


349.7 
















2290.2 


463.4 




21 


65.97 


346.4 


7.0 


29.6 




55 


172.79 


2375.8 


34.4 


377.2 




22 


69.12 


380.1 


7.3 


32.3 




56 


175.93 


2463.0 


34.9 


890.7 


No. 24 


23 


72.26 


415.5 


7.7 


35.6 




57 


179.07 


2551.8 


35.6 


405.1 


1.1« 


24 


75.40 


452.4 


8.0 


38.6 




58 


182.21 


2642.1 


36.1 


418.8 




25 


78.54 


490.9 


8.3 


41.7 




50 


185.35 


2734.0 


36.7 


433.1 




26 

27 


81.68 


530.9 


8.7 


45.1 




60 


188.50 


2827.4 


37.4 


448.6 




84.82 


572.6 


10.9 


50.1 














W 


87.97 


615.7 


11.4 


64.2 




61 


191.64 


2922.5 


46.7 


569.7 




29 


91.11 


660.5 


11.8 


68.6 




62 


194.78 


3019.1 


47.6 


589.0 


No. 22 


30 


94.25 


706.9 


12.2 


73.4 




63 


197.92 


3117.3 


48.3 


606.6 


1.41 


31 


97.39 


754.8 


12.6 


78.3 


No. 16 


64 


201.06 


3217.0 


49.1 


628.5 




82 


100.53 


804.3 


13.0 


83.4 


2.66 


66 


207.34 


3421.2 


50.5 


666.6 




38 


108.67 


855.8 


13.5 


88.9 




68 


213.68 


3631.7 


52.1 


708.6 




34 


106.84 


907.9 


13.9 


94.3 




70 


219.91 


3848.5 


53.6 


750.4 




85 


109.96 


962.1 


14.3 


«n7««7 




72 


226.19 


4071.5 


55.1 


793.4 
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TABLE 26. 

Specific Heata, Coelflclenta of Bxpanalon, Coefficients of Trana- 

mlaalon, and Fnalns-Polnta of Sollda* lilqnlda or Gaaea.* 



• 

SUBSTANCE 


Specific 
heats 


Coefficient 

of 
expansion 


Coefficient 
of trans- 
mission 


Fusion 
points, 
degrees 


AntimQny 


0.0606 
0.0951 
0.0324 
0.1138 
0.1937 
0.1298 
0.0314 
0.0824 
0.0570 
0.0562 
0.1165 
0.1175 

"6rO066' 
0.0030 
0.5040 
0.2026 
0.2410 
0.1970 
0.1887 
1.0000 
0.0333 

• 0.7000 


.00000602 
.00000055 
.00001060 
.00000695 
.00000478 
.00000618 
.00001580 
.00000530 
.00001060 
.00001500 
.00000600 
.00000680 
.00000003 
.00001633 
.00001043 
.00000875 
.00006413 
.00007860 
.00002313 
.00012530 
.00008806 
.00003333 
.00015151 


.00022 
.00404 

'Toooee" 

.0000006 

.000660 
.00045 


815 


OoDDer 


1949 


Gold 

Wroufirht Iron 


1947 
2975 


Glass 


1832 


Oast Iron 


2192 


Lead 

Platinum _ 


621 
3452 


Silver 

Tin _ __ 


.00610 
.00064 
.00062 
.00034 


1751 
446 


Steel (soft) 


2507 


Steel (hard) 


2507 


Nickel steel 36% 

ZIno _ 




.00170 
.00142 
.000024 

'Toooooi" 

.00203 


787 


Brass 


1869 


Sulphur '' 

(Jharcoal 

Aluminum 


32 

iiii" 


Phosphorus 




Water 

Mercniry 


.000006 

.00011 

.000002 




Alcohol (absolute) 





Air — 

Oxygen 

Hydrogen 

Nitrogeai 

Superheated steam ._ 
Carbonic add 



Con- 
stant 
pres- 
sure 



0.23751 

0.21751 

8.40900 

0.24380 

0.4805 

0.2170 



Con- 
stant 
volimie 



0.16847 

0.15607 

2.41226 

0.17273 

0.346 

0.1535 



Coeffi- 
cient of 
cubical 
expansion 
atl 
atmos . 



.003671 
.003674 
.008669 
.003668 
.003726 



.0000015 
.0000012 
.0000012 
.0000012 

[00060122 



* Kent and Suplee. 
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TABLE 27. 

Prenaiire In Onneea, per Square Inch, Correspondlngr to 
Various Heads of Water, In Inches.* 









Decimal parts of an ineli 


I 






Head 
in 




































Inches 


.0 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 







.06 


.12 


.17 


.23 


.29 


.35 


.40 


.46 


.52 


1 


.58 


.63 


.69 


.75 


.81 


.87 


.93 


• fTO 


1.04 


1.09 


2 


1.16 


1.21 


1.27 


1.83 


1.39 


1.44 


1.50 


1.56 


1.62 


1.67 


3 


1.73 


1.79 


1.85 


1.91 


1.96 


2.02 


2.08 


2.14 


2.19 


2.25 


4 


2.31 


2.37 


2.42 


2.48 


2.54 


2.60 


2.66 


2.72 


2.77 


2.83 


5 


2.89 


2.94 


3.00 


3.06 


3.12 


3.18 


3.24 


3.29 


3.35 


3.41 


6 


3.47 


3.52 


3.58 


3.64 


3.70 


3.75 


3.81 


3.87 


3.92 


«>.9o 


7 


4.04 


4.10 


4.16 


4.22 


4.28 


4.33 


4.39 


4.45 


4.50 


4.66 


8 


4.62 


4.67 


4.73 


4.79 


4.85 


4.91 


4.97 


5.03 


5.08 


5.14 


9 


5.20 


5.26 


5.31 


5.37 


5.42 


5.48 


5.54 


5.60 


5.66 


5.72 



TABLE 28. 

Heigrltt of Water Column, In Inches, Corresponding to Pres- 
sures, In Ounces, per Square Inch.* 



Pressure 

In winces 

per square 

inch 






Decimal parts of an ounce 






.0 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 



1 
2 
3 
4 
5 
6 
7 
8 
9 


"1^73 
3.46 

5.19 
6.92 
8.65 
10.38 
12.11 
13.84 
15.57 


.17 

1.90 

3.63 

5.36 

7.09 

8.82 

10.55 

12.28 

14.01 

15.74 


.35 

2.09 

3.81 

5.. 54 

7.27 

9.00 

10.73 

12.46 

14.19 

15.92 


.52 

2.25 

3.98 

5.71 

7.44 

9.17 

10.90 

12.63 

14.36 

16.09 


.69 

2.42 

4.15 

5.88 

7.61 

9.34 

11.0^ 

12.80 

14.53 

16.26 


.87 

2.60 

4.33 

6.06 

7.79 

9.52 

11.26 

12.97 

14.71 

16.45 


1.04 

2.77 

4.50 

6.23 

7.96 

9.69 

11.43 

13.15 

14.88 

16.62 


1.21 

2.94 

4.67 

6.40 

8.13 

9.86 

11.60 

13.32 

15.05 

16.76 


1.38 

3.11 

4.84 

6.57 

8.30 

10.03 

11.77 

13.49 

15.22 

16.96 


1.56 

3.29 

6.01 

6.75 

8.48 

10.21 

11.95 

13.67 

15.40 

17.14 



* Suplee's M. E. Reference Book. 
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TABLE 30. 
Expansion of IVrouffht-Iron Pipe on the Application of Heat.* 



Temp, air 














' 


when 




Increase in lengrth In Inches per 100 feet 




pipe 








when heated to 








is fitted 
















Deg. P. 


100 


18D 


200 


212 


220 


228 


240 


274 





1.28 


1.44 


1.60 


1.70 


1.76 


1.82 


1.92 


2.19 


32 


1.02 


1.18 


1.34 


1.44 


1.50 


1.57 


1.68 


l.W 


50 


.88 


1.04 


1.20 


1.30 


1.36 


1.42 


1.52 


1.79 


70 


.72 


.88 


1.04 


1.14 


1.20 


1.26 


1.36 


1.63 



TABLE 31. 
Tapping; liiist of Direct Radiators.f 

STEAM. 



ONE-PIPE WORK 


TWO-PIPE WORK 


Radiator area 
square feet 


Tapping diam- 
eter—inches 


Radiator area 
square feet 


Tapping diam- 
eter—inches 


0— 24 

24—60 

60—100 

100 and above 


1 

ly* 
l»^ 

2 


— 48 

48 — 96 

96 and above 


1 x% 

1^x1 

l%xlJ4 



WATER. 
Tapped for supply and return. 



Radiator area 
square feet 


Tapping- diameter 
Inches 


— 40 

40 — 72 

72 and above 


1 

1% 



 Holland Heating Manual, 
t American Radiator Co. 
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TABLE 32. 
Pipe EqualiKatlon. 



(See also Table 21) 



This table shows the relation of the 
combined area of small round warm 
air ducts or pipes to the area of one 
largre main duct. 

The bold figures at the top of the 

column represent the diameters of 

the small pipes or ducts; those in 

the left-hand vertical columns. 

are the diameters of the main 

pipes. The small figures show 

the number of small pipes that 

each main duct will supply. 

Example.— To supply sixteen 
10- inch pipes: Refer to column 
having 10 at top; follow 
down to small figure 16, 
thence left on the hori- 
zontal lipe of the bold- 
face figfure in the 
outside column, and 
we find that one 
30-inch main will 

supply air for SS 

the sixteen 
10 - inch 
pipes. 



S 



tH tH 03 CC-^ C&OOO 



I th e^ieoeoiAUd *»fl0O3 



a 






» 



r-i eq 00 ^ 



OJ OS r-J 

0,-( CO 
»H 1-H IH iH 1H fri C^ fis] 

r-t i-t 1-1 ,-4 e^ M e^ c^ 



rH (M CO ■^ia<oi>d& 



•*• th r-J .-1 1-H iH 1^ i-i e^ e<i ci c<i frj c4 

^1-t NMifi^ot* oioe^'^iA t^ a T-( 

■** iH i-i »H rH r4 rH r-4 fr] C^ (M &3 C>5 N W 

CO 1-1 (M CO tA O 00 0) iHC0-<d4;DO0 O M -Tt) 

*^^r^ ,_; ,_^ rH i-J r4 C4 94 64 (^4 04 « CO CQ 

rH e^ M U5 ?© 00 O <N Tt)lOb-05»H "^ «o OO 

H r-H T-i rH rH C^ esj (N <N 04 »4 CO CO CO CC 

»_i-tC^COld t^OJi-HCsJ'^* l>OOOCOtft 1>000 

^ i-H rH rH N C^i IN C4 (N eo CO CO to It' -^ 



f^ 



t>t 



s 



T-iCO-^CDl^- Oif-ieoiftO OffJiOb-O eo^CiOO 

r4i-5rH,Hr4 rHC^friMN COCOOOCO-* •^tJ'-** 

^ i-l C<1 ■<* «5 00 O (N-^OOSO '«*t«»Oi<N«0 O 00 U3 

*~r-l rHi--»-HrHe^ M(MC^(NeO COCOCO-^^ lOlOlijj 

BgWCO -*t*00r-l(M »ftb-0e0?0 OiN^OOW **ooo 

'~ri»-i i-Hi-Hr-tc^icg C<l(NCO00C0 CO^^'sKlO ie«0<0 

I^MCOIO tOOJ'— '"^eO Oii-^lOOO'-l »O00C<llftr-l lOOS'^ 

^'r-Hi-"'-' r-5r-((M(5qeQ MCOCCCO'^ ^^lfllO«D CDcO*-- 

(MeOlfl^- OC^I-^OSiH ■H^COtH-.^t- rHt«.C>'iJ4rH «OOS«C 

r-l r-5 1-t r-l fivj n"(M c4 CO COCOtJ*-^'^* \d lO rO ^ t* t^ t^ a6 



tH lO i-H «0 ■* Oi CO O 

O«fii>t^o6 00 oi '"' 

">* O ift i-i © »-• th ©q 
t^ 00 00 0» 

O>C0©T-lc4 00 CO -*ji 
00 O) 



lO W^l^OOiH CO !0 00 W lO ©CO00<Nt- 

*" i-I i-H t-i rH (M ©q 0^ <N CO CO "^ ^ •* i6 irJ 

^.©4 '<*tf>Oi(M»A «Or-t'^00C^ t»r-tJ>Wt- 

*" tH rH rH »H ©J C<l (N CO CO CO -Tji -^ ITS U5 O CO 

C«5(M'>1< t>-OCOi»Oi Wt-i-ICDe^l Jt>-f-l00U3O 

'^r-lrH iHM MC^IW COCO'^TjilO lft«D?Oi-4o6 

CMIMIjQOO tHTj«00C<jCO rHlftOt*'^ OS»AC0r-"O» Oi-H<N60'^ «Otf>00 

V- 1-41-Hi— (1— ItH»— (»-Hi-? 

1-1 1-1 r-l (MO<I(MCOCO -^ Tft lO ift O SO t~ 00 03 OJ 

—.(MiraoON tOOi-^OilO (M*<-©1CO© 50<0OiH(M CO'^lA'OOO Osoc^j 

'^i-HrHr-l<M iMfMCOCO"* lOlOSOt^OQ OOCi 

eOfrlOOOiO rHMcO"*SO t-OOOST-lQO »o<©os 

• • • -r-l r-(i-H?Hi— li-t i-tr- <r-lWN W©104 
SO Jt^ !>• 00 

r»<C0O(MC0 '*^0^-OS© (MCOlOt-O ncoj^ 

• . r-t r-( i-t 1-1 i-H 1-t p-( (N (M C4 W (N CO CO CO CO 
00 Oi 

ooo"*;o*^ Oii-ieoipoo Qwiftt-© eoiRCb 

i-H i-( i-( .-I i-H th ©J ©5 CO c<j cocoroeorji •»»•<*< -rti 

i-ti-i^©4N No^coSSco ■^•^^iftko ©so© 

{qcpOiO^lA OieoODiNep AC0O«0« 8J^c> 

c<i?i?iifoco C0'^'«*wi»15 iftsoi>i*oO 00O>c5 



O CO so 03 CO 00 
^" ,_^ rH rH (M e^J 

CO t^ OIO O SO 
Ok 

iH rl ©1 (M CO CO 
CO t^ (N 00 '* r-l 00 

ee 

1-1 rH (M ©1 CO rK rJH 

■.!< OJ •^ Ti 00 t- t^ Jh- 

rH i-l<M COCO-^lrtSD 

lOi-lODSO lftl>OiCOOi 



iH(M C<l CO ■^ lA SO 00 03 



(M 00 CO O *> 
CO CO -"ilH lO lO 
(M Oi t>» Ift Tj« 

•  • • • 

■>!H ■* Ift SO t^ 

t-- so i> 00 Oi 



IfS so t- 00 Oi 

05 IM O (N •* 
• • r-( rH i-H 
*» Oi 

1-1 CO SO 00 O 
»H I-H *-H l-H 55 



U> 



SOCOMCOt* ©OiHCOSO OOiHtHQDW 
r-i 1-^ r-i rH(Ne<JNCO 



rH C<J CO Tt< lO t- Oi 



U5 tH 1> Q »0 
CO •* •* l?5 iS 



SS 



^^8B«§2Sfe SS5 



00 oorHt-soos *3SS?5fe g^fe^^^ gS{:§8S; SS 



l>t- I 



OS I-H tH 00 



\A 



CO 



«C«0 t*CO<NSOO ^C^at^sD 



M CO U5 00 



t CO CO t}< 1^5 



§i>-00Oi-i OT -tH S 8 



b-t-t^ socoM<M«0 »-"®5r*5'?3 
I • • •TH04C0'^«5t^00o©5ir5 

©1 lO Oi iH rH 1— f 



**S^S §8^8^*^ 



lO 



^. i-< CO t^ so 

„, 'tH r-t ©QrHCOb- 

fH i-H ©4 CO -^ lO SO J> 00 



o op cb Its c4 

iH 55 <M frl CO 

O I-" CO to b- 



lO 



' CO CO 



Oi eoi 

r-i ■* ' 

Kso 



CO Co 



lO 
CM 



a^«tf^ 0» 

00 * rH 04 
T-l f-H ©4 04 

jt» © CO f» 

CO ^ ^ ^ 



^8g 

N 04 C<l 

oa CO £^ 
•^ iQ iri 

irt lO lA 
>jO CO (M 

CO •* CO 




rH ijt vft ura 

S8§ 




*-c4to«rtn cDi>-eoa»0 ^^Q94iO c|»r^eo< 



r4 



^e^ieo^io C0r— 

CMC«ICMCMeM G«4CM 



c3Sn commeon coco So 



432 



TABLE 33. 

Sizes of Hot-^«Vater Mains. 

Open Tank System. 

Assumed Length 100 feet.t 



Pipe diam. 
Inches 


Capacity, square feet of direct radiation 


Two-pipe* 
up feed 


One-pipe 
up feed 


Attic 
main 


1^ 
1% 
2 

2% 

3 

3% 

4 

5 

6 

7 

8 


100 

160 

275 

375 

600 

80O 

1100 

1900 

3000 

4500 

6000 


50 

75 

125 

225 

400 

500 

TOO 

1200 

2000 

30OO 

4000 


150 

225 

375 

540 

900 

130O 

1800 

3200 

5000 

7200 

10000 



t For mains over 100' reduce capacity in the ratio 



of ^. 



100 



length 

♦Mains far indirect radiation should have a rated capacity ap- 
proximating 66 per cent, of the values in this column. 



TABLE 34. 

Sizes of Hot-Water Branches and Risers. 

Open Tank System. 



Pipe 
diam. 
inches 


Up Feed 


Down feed 

from attic 

not exceeding 

four floors 


First 
Floor 


Second 
Floor 


Third 
Floor 


Fourth 
Floor 


1 

1% 

2 

2% 

3 


50 

90 

125 

225 
325 

500 


65 

110 
160 
3(K) 
425 

(JOO 


75 
130 
190 
350 
510 
700 


85 
145 
215 
375 
580 
800 


75 
125 

200 
350 
600 
900 



Take first floor supply branches from top of main, 
floor at 45". 

TABLE 35. 

Hot-Water Radiator Tapplng^s. 

Open Tank System. 



Risers above first 



Size of Radiator 


Supply and Return 


Up to 40 sq. ft. 

40 to 72 sq. ft. 

Above 72 sq. ft. 


1x1 
IMxm 
l%xl% 
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TABLE 36. 
Honeyfvell SyMtent. Pipe Sises. 

The area of the main must equal or exceed slightly the 
combined area of the valves it is to supply. 



Riser Sizes and Square Feet of Radiation. 




Pipe size, Inches 


First Floor 


Second Floor 


Third Floor 


1 


Up to 30 
30 to 60 
00 to 100 


Up to 40 
40 to 100 
Over 100 


Up to 60 

50 to 125 
Over 125 



The valve on the radiator at the end of the main should gienerally be 
made one size larger than the list. 

TABLE 37. 

Gravity Hot-lVater Heatinir. Approximate Capacities of 

Mains and Risers for Rangre from 180 to 150 Degr* Fahr.t 

Capacities (Indudlngr losses In transit) are in 1000 B. t. u. per hour 
and allow for average resistance of boilers, radiators and piping. For 
sq. ft. of radiating surface supplied (160 B. t. u. per sq. ft.), multiply 
the tabular figures by 6.25. 

MAINS. 








Diameter of main, in. 




1^ 


m 


2 


2% 


3 


3% 


4 


4% 


5 


6 


7 


8 


Capacity in 1000 B, t. u. 


100 


7 


15 


22 


40 


00 


98 


133 


las 


240 


315 


480 


675 


900 


200 


8 


12.5 


18 


32 


50 


82 


114 


157 


206 


270 


415 


590 


800 


300 


9 


11 


16 


29 


45 


75 


106 


144 


190 


250 


385 


550 


740 


400 


10 


10 


15 


27 


42 


70 


100 


135 


180 


238 


367 


520 


700 



RISERS. 






Diameter of riser, in. 



1% 



1% 



2% 



Capacity in 1000 B. t. u. 



I 



Diameter of riser, in. 



% 



% 



1% 



1% 



Capacity in 1000 B. t. u. 



10 
15 
20 
25 



4.0 


7.5 


15.0 


22.0 


42 


67 


30 


3.4 


7.1 


13.1 


28 


38 


5.0 


9.2 


18.7 


27.4 


52 


82 


40 


4.0 


8.2 


15.2 


31 


45 


5.8 


10.6 


21.7 


31.8 


60 


95 


50 


4.5 


9.2 


17.0 


35 


51 


6.4 


11.8 


24.2 


35.5 


67 


106 


60 


4.9 


10.1 


18.5 


38 


56 



74 

86 

97 

107 



* The length and mean height above boiler are those of the circuit for 
the most distant radiator In lowest location. 

t The mean height above boiler is that of the circuit in question. This 
table is for a circuit 200 ft. long. For other lengths allow about in pro- 
portion as given above for mains. 

t Marks— M. E. Handbook. 
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Pipe Sizes 


• 


 


' 


> 


.. 


■> 


" 


1. 


Supply mains, au eyatems: 

doHnteed rlSCTB, all aystems.. 
Upleed rleera.' one-pipe system 
Dry return Knes, two-pipe and 


sn 
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TABLE 43. 

Comparative Sizea of Steam Main* and Returns for Gravity 

and Mecbanlcal Vacuum Systems. 



Size of 


Size of return 


Size of 


Size of return 


supply 




supply 








pipe 


Gravity 


Vacuum 


pipe 


Gravity 


Vacuum 


• 


% 


% 


4 


2% 


1% 


1 


% 


% 


4% 


2% 


1% 


1% 


1 


% 


5 


3 


2 


1% 


1% 


% 


6 


3Vfe 


2% 


2 


1% 


% 


8 


4% 


3% 


2% 


2 


1 


10 


6 


4 


3 


2 


iy4 


12 


6 


4% 


3% 


2% 


1% 


14 


7 


5 



Note. — For short runs of piping where the friction is not a serious 
matter the above table will work out satisfactorily. These sizes are 
only approximate and should be used with caution. 



TABLE 44. 
Expansion Tanks-— Dimensions and Capacities.* 



- 


Size in inches 


Capacity gallons 


Sq. ft. of radiation 




9x20 


5% 


150 




10x20 


8 


250 




12x20 


10 


350 




12x24 


12 


450 




12x30 


15 


550 




12x36 


18 


650 




14x30 


20 


700 




14x38 


24 


850 




16x30 


26 


900 




16x36 


32 


1250 




16x48 


42 


1750 




18x60 


66 


2750 




20x60 


82 


4500 




22x60 


100 


6000 




24x60 


122 


7500 



* The Model Boiler Manual. 
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TABLE 45. 
SIzea of Flanged Flttinsa. 



Xi 

a 

00 

K 



4 
6 

8 
10 
12 
14 
16 
20 
24 



All flttlngs and 


flanges 








« 










u 




9 


& 




•1 




a 

eS 

a 






1 




•M 

o 


•M 




s 


■s 


»:3 


1 


s 


o 

.o 


]l 


o 




1 


•M 

o 


« 


o 




x> 


• 


CO 


.?i 


A 


H 


^ 


s 


OQ 



a§b.b5S 



F+T: 



hC^ 








Long 




90" 


46° 


turn 


Tee 


elbow 


elbow 


elbow 





Gross 



Is 

6l 



6« 



So 
6l 






2?* 



Lateral 



Is 



S O 



9 


il 


8 


7% 


% 


6% 


4 


10 


»% 


13 


12 


11 


1 


8 


97a 


% 


8 


5 


13 


8 


16 


14% 


13% 


1% 


8 


11% 


% 


9 


6 


16 


9 


18 


mi 


16 


lA 


12 


14% 


% 


11 


7 


20 


11 


22 


20% 


19 


1% 


12 


17 


% 


12 


7% 


22 


12 


24 


24% 


21 


1% 


14 


18% 


1 


14 


7% 


24 


14 


28 


2Rr 


23% 


liV 


16 


21% 


1 


15 


8 


28 


15 


30 


90 


27% 


Hi 


20 


25 


1% 


18 


9% 


32 


18 


36 


35 


32 


1% 


20 


29% 


1% 


22 


11 


36 


22 


44 


40% 



8 

3% 

4% 
5 

5% 

6 

6% 

8 

9 



TABLE 46. 
Dimensions of Ells anil Tees for Wrooffht Iron Pipe. 




■^^M-fe^T-i 




Size 


E 


R 


D 


d 


t 


L 


T 


% 


% 


A 


iS 


A 


A 


1-% 


% 


% 


% 


% 


1- 


% 


A 


1-% 


% 


% 


% 


% 


1-% 


% 


% 


1-% 


% 


% 


1-% 


% 


1-% 


1-T^I 


% 


2-% 


1-% 


% 


1-% 


1-iV 


l'-^ 


1-n^ 


A 


2-% 


1-% 


1- 


1-A 


1-% 


1-% 


1-% 


A 


3-% 


1-A 


1-% 


1-% 


1-% 


2-% 


2- 


1^ 


3-% 


1-% 


1-% 


9_ 


1-% 


2-% 


2-% 


% 


4- 


2- 


0_ 


2-% 


2-% 


3-% 


2-% 


% 


4-% 


2^ 


2% 


2-% 


2-% 


4- 


3-% 


% 


5-% 


2-% 


3- 


3-% 


2-% 


4-% 


4r- 


% 


6-% 


3-% 


3-% 


3-% 


3-% 


^% 


4-% 


% 


7-% 


3-% 


4^ 


4- 


3-% 


5-% 


5-% 


1- 


8- 


4- 


4-% 


4-% 


4- 


6-% 


6- 


1- 


8-% 


4-% 


0- 


4-% 


4-% 


6-% 


6-% 


1-% 


»-% 


4-% 


6- 


5-V4 


4-% 


»-% 


7-% 


1-% 


11- 


5-% 
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TABLE 47. 

Loss of PreiiiBiire in Pipes 100 Feet Long: in Ounces per 
Square Incla ^vhen Deliveringr Air at the Velocities Given. 



:Sfe 








Diameter of pipe in inches 










1 


2 


3 


4 


6 


8 


10 


12 


W 


16 


18 


300 

400 

600 

8U0 

1000 

1200 

1500 

1800 

2400 

• 


0.100 
0.178 
0.400 
0.711 
1.111 
1.600 
2.500 
3.000 
6.400 


0.050 
0.068 
0.200 
0.356 
0.556 
O.80O 
1.250 
1.800 
3.200 


0.033 
0.050 
0.133 

o.23rr 

0.370 
0.533 
0.833 
1.200 
2.133 


0.025 
0.044 
0.100 
0.178 
0.278 
0.400 
0.625 
0.900 
1.600 


0.017 
0.030 
0.067 
0.119 
0.185 
0.267 
0.417 
0.600 
1.067 


0.012 
0.022 
0.050 
0.089 
0.139 
0.200 
0.312 
0.450 
0.800 


0.010 
0.018 
0.040 
0.071 
0.111 
0.160 
0.250 
0.360 
0.640 


0.008 
0.015 
0.033 
0.059 
0.092 
0.133 
0.208 
0.300 
0.533 


0.007 
0.013 
0.029 
0.051 
0.079 
0.114 
0.179 
0.257 
0.457 


0.006 
0.011 
0.025 
0.044 
0.069 
0.100 
0.156 
0.225 
0.400 


0.006 
0.010 
0.022 
0.040 
0.062 
0.089 
0.139 
0.200 
0.356 




20 


24 


28 


32 


36 


40 


44 


48 


52 


56 


60 


900 

400 

600 

80O 

lOOO 

1200 

1500 

1800 

2400 


0.005 
O.OOO 
0.020 
0.036 
0.056 
0.090 
0.125 
0.130 
0.320 


0.004 
O.0O7 
0.017 
0.029 
0.046 
0.067 
0.104 
0.167 
0.313 


0.004 
0.006 
0.014 
0.025 
0.040 
0.057 
0.089 
0.129 
0.239 


O.0O3 
0.006 
0.012 
0.022 
0.035 
0.050 
0.078 
0.112 
0.200 


0.003 
0.005 
0.011 
O.O20 
0.031 
0.044 
0.068 
O.IOO 
0.17g 


0.002 
0.004 
0.010 
0.018 
0.028 
0.040 
0.062 
0.090 
0.160 


0.002 
0.004 
0.009 
0.016 
0.025 
0.030 
0.057 
0.082 
0.145 


O.0O2 
O.0O4 
0.008 
0.015 
0.023 
O.083 
0.052 
0.075 
0.133 


0.002 
0.003 
0.008 
0.014 
0.021 
0.031 
0.048 
0.069 
0.123 


O.0O2 
0.003 
0.007 
0.013 
0.020 
0.029 
0.045 
0.064 
0.119 


0.002 
0.003 
0.007 
0.012 
0.019 
0.027 
0.042 
0.060 
0.107 



Diagrrams for Pipe Sizes and Friction Heads. 

To illustrate the use of the two following diagrams, ap- 
ply to the pipe line, B, C, Art. 147. First, let I = 1500 feet, 
d.= 8 inches and v = 5 feet per second. Trace along the 
velocity line until it intersects the diameter line, then fol- 
low the ordinate to the top of the page and find the friction 
head, 13 feet for 1000 foot run or 19.5 feet for the 1500 foot 
run. Second, let Q = 1.75 cubic feet per second and d = S 
Inches. Trace to the left along the horizontal line represent- 
ing the volume of 1.75 cubic feet until it intersects the 
diameter line, then read up and find the same friction head 
as before. Third, let the allowable friction head for 1500 
feet of main be 19 feet, when Q = 1.75 cubic feet per second 
or when « = 5 feet per second. Reverse the process given 
above and find an 8 inch pipe. 
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TABLE 48. 



Teiuperaturen 


1 foi 


' Tentins 


• Direct 


Steam Radiation 


Pla 


LBtS.« 




Test 


Steam 


Steam pressure Intended for zero weather 


• 


condi- 


Tem- 






s 


tion 


pera- 






1 








ture 


01b. 


lib. 


21b. 


31b. 


41b. 


51b. 


6 lb. 


71b. 


8 lb. 


91b. 


10 lb. 


OS 

> 


10 In. 


192.0 


63.3 


62.3 


















o 


9 " 


194.5 


64.2 


63.2 


62.3 


















s 


8 *• 


197.0 


65.0 


64.0 


63.0 


62.2 
















•s 


7 " 


199.0 


65.6 


64.7 


68.7 


62.8 


62.0 














£ 


6 " 


201.0 


66.3 


66.3 


64.3 


63.4 


62.6 


62.0 














5 *' 


208.0 


67.0 


66.0 


65.0 


64.0 


63.3 


62.6 


61.9 










• 

a 


4 " 


206.0 


67.6 


66.6 


66.6 


64.7 


63.9 


63.2 


62.5 


61.7 










3 " 


207.0 


68.3 


67.2 


66.2 


66.3 


64.6 


63.8 


63.1 


62.3 


61.7 






6 


2 " 


206.5 


68.8 


67.7 


68.7 


65.7 


66.0 


64.2 


63.6 


62.8 


62.0 


61.5 




OQ 


1 " 


210.5 


69.4 


68.3 


67.5 


66.4 


65.6 


64.8 


64.2 


63.3 


62.6 


62.1 


61.5 




lb. 


212.0 


70.0 


6R.8 


67.8 


66.9 


66.1 


66.3 


64.6 


63.8 


63.1 


62.6 


62.0 


1 " 


215.5 


71.2 


70.0 


69.0 


68.0 


67.2 


66.3 


66.8 


66.0 


64.2 


68.7 


63.0 


• 

s 


2 " 


218.7 


72.1 


71.0 


70.0 


69.2 


68.2 


67.3 


66.7 


66.9 


65.1 


64.5 


64.0 


a 


3 " 


221.7 




72.0 


71.0 


70.0 


69.2 


68.3 


67.6 


66.7 


66.0 


65.4 


64.8 




4 " 


224.5 






71.8 


70.8 


70.0 


69.2 


68.4 


67.5 


66.7 


66.2 


66.7 


s 


5 " 


227.2 








n.7 


70.8 


70.0 


69.2 


68.3 


67.6 


67.0 


66.3 


CO 


6 " 


229.8 










71.7 


70.8 


70.0 


69.2 


68.4 


67.7 


67.2 


1? 


7 " 


232.4 












71.7 


70.8 


70.0 


69.2 


68.6 


68.0 


o. 


8 " 


234.9 














71.7 


70.8 


70.0 


69.3 


68.7 


OS 


9 " 


237.3 
















71.6 


70.5 


70.0 


69.3 


10 *' 


239.4 




.675 














71.8 


70.7 


70.0 




Factors 


.670 


.678 


.684 


.688 


.602 


.Wi 


.698 


.702 


.705 


.707 



The temperatures In tnis table are for a plant designed for (f and 70*' . 

Example. — It Is desired to test a plant designed for 5 pounds gAge 
pressure on a day when the outside temperature Is 22 degrees. What 
should be the temperature In the rooms with steam at 8 poimds gagre 
pressure? It will be noted In the vertical column marked 5 pounds that 
opposite the 3 pound pressure 68.3 degrees may be expected on a zero 
day. As the temperature was 22 degrees above we must add 22 times 
.692, or 15.2 degrees, thus making a total of 83.6 degrees, the tempera- 
ture which should exist indoors. 

♦W. W. Macon. 
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TABLE 50. 

Percentagre of Heat Tram«iiiltted by VarloiM Plpe-CoveriB8r>» 
From Temtu Made at Sibley College, €ornell ITal'venilty* 

and at Miehlflran University.* 

» 

Relative amount 
Kind of coveringr of heat 

transmitted 

Naked Pipe 100. 

Two layers asbestos paper, 1 in. hair felt, and canvas 

cover 15-2 

Two layers asbestos paper, 1 in. hair felt, canvas cover 

wrapped with manllla paper 15. 

Two layers asbestos paper, 1 in. hair felt 17. 

Hair felt sectional covering*, asbestos lined 18.6 

One thickness asbestos board 59.4 

Four thicknesses asbestos paper 50.3 

Two layers asbestos paper 77.7 

Wool felt, asbestos lined 23.1 

Wool felt with air spaces, asbestos lined 19.7 

Wool felt, plaster paris lined 25.9 

Asbestos molded, mixed with plaster paris 31.8 

Asbestos felted, pure long fibre 20.1 

Asbestos and sponge 18.8 

Asbestos and wool felt 20.8 

Magnesia, molded, applied in plastic condition 22.4 

Magnesia, sectional 18.8 

Mineral wool, sectional 19.3 

Rock ':!Sk^ufd Vrous 20.3 



Rock .- — a|j;r*ited 20.9 

Fossi)'^'? .1, molded, % inch thick 29.7 

Pipe painted with black asphaltum 105.5 

Pipe painted with light drab lead paint 108.7 

Glossy white paint 95.0 

♦Carpenter's H. and V. B. 

Note. — These tests agree remarkably well with a series 
made by Prof. M. E. Cooley of Michigan University, and also 
with some made by G. M. Brill, Syracuse, N. Y., and reported 
in Transactions of the American Society of Mechanical En- 
gineers, Vol. XVI. 
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TABLE 51. 
Factors of Ej-vaporatlon. 



Gage 


.3 


10 


20 


30 


50 


100 


125 


135 


150 


175 


pressure 






















Feed 




Factors of evaporation 


water 






212 


l.OOOS 


1.0103 


1.0169 


1.0218 


1.0290 


1.0396 


1.0431 


1.0443 


1.0460 


1.0483 


200 


1.0127 


1.0227 


1.0293 


1.0343 


1.0414 


1.0520 


1.0555 


1.0567 


1.0584 


1.0608 


185 


1.0282 


1.0882 


1.0448 


1.0498 


1.0669 


1.0675 


1.0710 


1.0722 


1.0739 


1.0763 


170 


1.0437 


1.0537 


1.0603 


1.0653 


1.0724 


1.0830 


1.0806 


1.0877 


1.0894 


1.0917 


155 


1.0692 


1.0682 


1.0758 


1.0807 


1.0878 


1.0985 


1.1020 


1.1032 


1.1048 


1.1072 


140 


1.0715 


1.0816 


1.0912 


1.0962 


1.1033 


1.1139 


1.1174 


1.1186 


1.1203 


1.1227 


125 


1.0901 


1.1001 


1.1067 


1.1116 


1.1187 


1.1293 


1.1328 


1.1341 


1.1357 


1.1881 


110 


1.1055 


1.1155 


1.1221 


i.i2ro 


1.1341 


1.1447 


1.1482 


1.1495 


1.1511 


1.1535 


95 


1.1209 


1.1309 


1.1375 


1.1424 


1.1495 


1.1602 


1.1637 


1.1649 


1.1665 


1.1689 


80 


1.1363 


1.1463 


1.1529 


1.1578 


1.1650 


1.1756 


1.1791 


1.1803 


1.1820 


1.1843 


65 


1.1517 


1.1617 


1.1683 


1.1733 


1.1804 


1.1910 


1.1945 


1.1957 


1.1974 


1.1997 


50 


1.1672 


1.1772 


1.1838 


1.1887 


1.1958 


1.2064 


1.2099 


1.2112 


1.2128 


1.2152 


35 


1.1827 


1.1927 


1.1993 


1.2042 


1.2113 


1.2219 


1.2255 


1.2267 


1.2283 


1.2307 



TABLE 52. 
Per Cent, of Total Heat of Steam Saved per Deg^ree Increase 

of Feed Water. 



Initial 






Gage pressure in boiler, lbs. per sq. in. 






temp, 
of feed 























20 


40 


60 


80 


lOO 


120 


140 


160 


180 


32 


.0872 


.0861 


.0855 


.0851 


.0847 


.0844 


.0841 


.0839 


.0837 


.0835 


40 


.0878 


.0667 


.0861 


.0856 


.0853 


.0850 


.0847 


.0845 


.0843 


.0839 


50 


.0886 


.0875 


.0868 


.0864 


.0860 


.0857 


.0854 


.0852 


.0850 


.0846 


60 


.0894 


.0883 


.0876 


.0872 


.0867 


.0864 


.0862 


.0859 


.0856 


.0853 


70 


.0902 


.0890 


.0884 


.0879 


.0875 


.0872 


.0869 


.0867 


.0064 


.0890 


80 


.0910 


.0898 


.0891 


.0887 


.0883 


.0879 


.0877 


.0874 1 


.0872 


.0868 


100 


.0927 


.0915 


.0908 


.0903 


• UcA^7 


.0895' 


.0892 


.0800 


.0887 


.0883 


120 


.0945 


.0932 


.0925 


.0919 


.0915 


.0911 


.0908 


.0906 


.0903 


.0899 


140 


.0968 


.0960 


.0943 


.0937 


.0932 


.0929 


.0925 


.0923 


.0920 


.0916 


160 


.0982 


.0968 


.0961 


.0955 


.0950 


.0946 


.0943 


.0940 


.0937 


.0933 


180 


.1002 


.0988 


.0981 


.0973 


.0969 


.0965 


.0961 


.0968 


.0955 


.0951 


20O 


.1022 


.1008 


.oyyy 


.{jvWi 


.0988 


.0984 


.0980 


.0977 


.0974 


.0969 


220 




.1029 


.1019 


.1013 


.1008 


.1004 


.1000 


.0997 


.0994 


.0989 


240 




.1050 


.1041 


.1034 


.1029 


.1024 


.1020 


.1017 


.1014 


.1009 



Example.— Boiler pressure 120 lbs. gage, Initial temperature of feed 
water 60 deg., heated to 210 deg. Then increase in temperature 150, 
times tabular figure, .0862, equals 12.93 per cent, saving. 
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TABLE 54. 

Steam Consumption of Various Types of Non-Condensing 

Knglnes.* (Approximate). 

Pounds per indicated horse-power hour. 













Cora- 


Cora- 


Com- 




Simple 


Simple 






pound 


pound 


pound 




throt- 


auto- 


Simple 


Simple 


four 


four 


four 


Horse- 


tling 


matic 


Corliss 


four 


valve and 


valve and 


valve and 


power 


100 lbs. 


100 lbs. 


100 lbs. 


valve 


Corliss 


Corliss 


Corliss 




at 


initial 


initial 


lOOlbs. 


100 lbs. 


125 lbs. 


1.50 lbs. 




throttle 
52 






initial 


initial 


initial 


initial 


10 














20 


50 


40.0 












30 


49 


39.0 












40 


48 


38.0 












50 


48 


38.0 


34.5 


35.0 








60 


47 


36.0 


32.5 


33.0 








70 


47 


35.0 


31.5 


32.0 








• m 


46 


34.0 


30.5 


31.0 








90 


46 


33.0 


2t).5 


30.0 








lOO 


45 


32.0 


28.5 


29.0 








150 


44 


31.5 


28.0 


28.5 


22.5-23 


21.5-22 


21-21.5 


200 


43 


30.5 


27.0 


27.5 


22-22.5 


21-21.5 


20.5-21 


250 


43 


30.0 


26.5 


27.0 


22-22.5 


21-21.5 


20-20.5 


300 


42 


29.0 


25.5 


26.0 


22-22.5 


20.5-21 


20-20.5 


40O 


41 


28.5 


25.0 


25.5 


21.5-22 


20-20.5 


19.5-20 


500 


41 


28.5 


25.0 


25.5 


20-21.5 


19.5-20 


19^19.5 



The foreg-oing table was compiled principally from the records of a 
large number af actual tests of engines of various makes, under reason- 
ably favorable conditions. It is based upon the actual weight of con- 
densed exhaust steam. 

 Atlas Engine Works Catalog. 
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TABLE 57. 
Speedflf Capacities and Horse-Powers of ^'Sirocco** Fans at 

Varying: Pressures.* 

in. 



Fan 
number 


Diam. of 
wheel 


4 


24 


5 


30 





36 


7 


42 


8 


48 


9 


54 


10 


60 


11 


Qfy 


12 


72 


13 


78 


14 


84 


15 


90 


16 


96 



Pressures 




c. F. m: 

R. P. M. 
B. H. P. 
O. F. M. 
R. P. M. 

B. H. P. 

C. F. M. 
R. P. 
B. H. 



M. 
P. 
O. F. M. 



M. 
P. 



R. P. 
B. H 
C F. M. 
R. P. M. 

B. H. P. 

C. F. M. 
R. P. M. 

B. H. P. 

C. F. M. 
R. P. M. 
B. H. P. 



% 


1 


iy4 


1% 


2 


2% 


3 


3% 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


.43 


.58 


.72 


.87 


1.16 


1.44 


1.73 


2.02 


oz. 


oz. 


oz. 


oz. 


oz. 


oz. 


oz. 


oz. 


4290 


4920 


5500 


6020 


6945 


7770 


8620 


9300 


391 


453 


506 


564 


640 


714 


783 


846 


.879 


1.348 


1.89 


2.475 


3.8 


5.32 


7.00 


8.825 


6650 


7690 


860O 


9416 


10870 


12150 


13320 


14380 


313 


362 


403 


443 


512 


571 


625 


676 


1.37 


2.105 


2.96 


3.868 


5.95 


8.315 


10.94 


13.90 


9r>8() 


11060 


12350 


13540 


15630 


17470 


19150 


20880 


260 


302 


336 


369 


427 


477 


523 


565 


1.975 


3.013 


4.25 


5.563 


8.56 


11.96 


15.72 


19.85 


ia)50 


15070 


168(X) 


18425 


21260 


2380O 


2610O 


28200 


223 


259 


288 


316 


366 


408 


447 


483 


2.69 


4.126 


5.78 


7.565 


11.66 


16.28 


21.43 


27.06 


17(K)0 


19700 


22000 


24100 


27820 


31100 


34080 


36800 


1%' 


226 


252 


277 


320 


358 


392 


424 


3.51 


5.39 


7.58 


9.9 


15.22 


21.30 


28.0 


35.3 


21500 


24860 


2780O 


30440 


35140 


30300 


43100 


46600 


174 


201 


224 


246 


285 


S17 


348 


376 


4.43 


6.81 


9.57 


12.52 


19.23 


26.94 


35.38 


44.70 


26500 


30750 


34300 


37650 


43400 


48&70 


53230 


57500 


156 


181 


202 


222 


256 


286 


313 


338 


5.46 


8.42 


11.8 


15.47 


23.77 


33.23 


43.72 


55.2 


32200 


37200 


41500 


45630 


52550 


58830 


64450 


69690 


142 


165 


184 


202 


233 


390 


286 


906 


6.65 


10.18 


14.3 


18.72 


28.77 


40.24 


52.9 


66.86 


38300 


44240 


49400 


54130 


62500 


69900 


76600 


82800 


130 


151 


168 


1S> 


214 


238 


261 


282 


7.9 


12.11 


17 


22.25 


34.2 


47.85 


63 


79.5 


45000 


5200O 


58100 


68600 


73500 


82100 


9000O 


9730O 


120 


140 


155 


171 


197 


220 


241 


261 


9.28 


14.22 


30 


26.16 


40.22 


56.2 


74 


93.35 


52100 


60200 


67300 


73700 


85000 


96000 


104200 


112700 


112 


130 


144 


158 


183 


204 


224 


242 


10.75 


16.49 


23.2 


30.3 


46.6 


65 


85.6 


108 


59900 


69230 


77500 


847(10 


97800 


100200 


119800 


129000 


10^1 


121 


135 


148 


171 


191 


209 


236 


12.34 


18.93 


26.6 


34.8 


53.56 


74.9 


90.D 


124.2 


67050 


78430 


8180O 


96140 


114300 


124500 


136000 


147000 


98 


114 


126 


139 


160 


178 


196 


211 


13.98 


21.5 


30.2 


39.6 


63 


85.7 


112 


142 



2.31 
oz. 

9640 

905 

10.77 

15380 

724 

16. S> 

22150 

604 

24.23 

901 40 

517 

33 

3937(y 

458 

43.15 

4980O 

402 

54.5 

61500 

962 

67.4 

•74400 

329 

81.5 

86600 

302 

97 

104000 

279 

113.9 

130400 

^9 

132 

138600 

242 

151.7 

157900 

226 

173 



♦Condensed from A. B. O. Go. Catalog. 
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APPENDIX II. 



References used Chiefly in Refrigeration 
and Ice Production 



f 



TABLE 58. 
Freezing: Mixtures.* 



Names and proportions of Ingredients 
in parts 



Snow or pounded ice 2; sodium chloride 1 

Snow 5; sodium chloride 2; ammonium chloride 1 
Snow 12; sodium chloride 5; ammonium nitrate 5 

Snow 8; calcium chloride 5 

Snow 2; sodium chloride 1 

Snow 3; dilute sulphuric acid 2 

Snow S; hydrochloric acid 5 

Snow 7; dilute nitric acid 4 

Snow S; potassium 4 

Ammonium chloride 5; potassium nitrate S; 

water Id 

Ammonium nitrate 1; water 1 

Ammonium chloride 5; potassium nitrate 5; 

sodium sulphate 8; water 16 

Sodium sulphate 5; dil. sulphuric acid 4 

Sodium nitrate 3; dil. nitric acid 2 

Amonium nitrate 1; sodium carbonate 1; 

water 1 

Sodium sulphate 6; ammonium chloride 4; 

potassium nitrate 2; dil. nitric acid 4 

Sodium phosphate 9; dil. nitric acid 4 

Sodium sulphate 6; ammonium nitrate 5; 

dil. nitric acid 4 _ _ 



Reduction of 


temp. < 


deg. P. 


Prom 


To 




— 5 




—12 




—25 


+32 


—40 




— 5 


+32 


—23 


+32 


—27 


+32 


—30 


+32 


—61 


+50 


+ 4 


+50 


+ 4 


+50 


+ 4 


+50 


+ 3 


+50 


— 3 


+50 


— 7 


+50 


—10 


+60 


—12 


+50 


—14 



Total 
Reduc- 
tion of 
temp, 
degr. P. 



72 

55 

50 
02 
83 

46 
46 

46 
47 
53 

57 

60 
62 

64 



TABLE 59. 
Properties of Saturated Ammonia.t 





Pressure 




Vol. of 


Vol. of 


Wt. of 


Temp. 


absolute 


Heat of 


vapor 


liquid 


vapor 


deg. P. 


lbs. per 


vaporization 


per lb. 


per lb. 


lbs. per 




sq. m. 




cu. ft. 


cu. ft. 


cu. ft. 


—40 


10.69 


579.67 


24.38 


.0234 


.0411 


—35 


12.31 


576.69 


21.21 


.0236 


.0471 


—30 


14.13 


573.69 


18.67 


.0237 


.0535 


—25 


16.17 


570.68 


16.42 


.0238 


.0609 


—20 


18.45 


567.67 


14.48 


.0240 


.0690 


—15 


20.99 


564.64 


12.81 


.0242 


.0775 


—10 


23.77 


561.61 


11.36 


.0243 


.0680 


— 5 


27.57 


558.56 


9.89 


.0244 


.1011 


+ 


30.37 


555.50 


9.14 


.0246 


.1094 


+ 5 


34.17 


552.43 


8.04 


.0247 


.1243 


+10 


38.55 


549.35 


7.20 


.0249 


.1381 


+20 


47.95 


543.15 


5.82 


.0252 


.1721 


+30 


59.41 


536.92 


4.73 


.0254 


.2111 


+40 


73.00 


530.63 


3.88 


.0257 


.2577 


+50 


88.96 


524.30 


3.21 


.02601 


.3115 


+00 


107.60 


517.93 


2.67 


.02^ . 


.3745 


+70 


129.21 


511.52 


2.24 


.0268 


.4664 


+80 


154.11 


504.66 


1.89 


.0272 


.5291 


+90 


182.80 


498.11 


1.61 


.0274 


.6211 


+100 


215.14 


491.50 


1.36 


.0279 


.7353 



*Tayler. Pocket Book of Refrigeration. 

tWood— Thermodynamics, Heat Motors and Refrigerating Machines. 
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TABLE 60. 

Solubility of AjumomUi in "Water at DUtereat Temperatarea 

• aad Preasarea. <Sima).* 



1 lb. of water (also unit Tolume) absorbs the following 








quantities of ammonia. 








Absolute 


32° 


F. 


68° 


P. 


104' 


P. 


212° 


P. 


pressure 


















in lbs. 
per 


































sq. in. 


Lbs- 


Vols. 


Lbs. 


Vols. 


Lbs. 


Vols. 


Grms. 


Vols. 


U.67 


0.809 


1180 


0.518 


683 


0.338 


443 


0.074 


97 


15.44 


0.937 


1231 


0.535 


703 


0.349 


458 


0.078 


102 


16.41- 


0.980 


1287 


0.556 


730 


0.363 


476 


0.083 


109 


17.37 


1.029 


13.>1 


0.574 


754 


0.378 


496 


0.068 


115 


18.34 


1.077 


1414 


0.594 


781 


0.391 


513 


0.092 


120 


19.30 


1.126 


1478 


0.613 


805 


0.404 


531 


0.006 


126 


20.27 


1.177 


1546 


0.632 


830 


0.414 


543 


0.101 


132 


21.23 


1.236 


1615 


0.651 


855 


0.425 


556 


0.106 


189 


22.19 


1.283 


1685 


0.669 


878 


0.434 


570 


0.110 


140 


23.16 


1.336 


1754 


0.685 


894 


0.445 


584 


0.115 


151 


24.18 


1.388 


1823 


0.704 


924 


0.454 


506 


0.120 


157 


25.09 


1.442 


1894 


0.722 


948 


0.463 


609 


0.125 


164 


26.06 


1.496 


1965 


0.741 


973 


0.472 


619 


0.130 


170 


27.02 


1.549 


2034 


0.761 


999 


0.479 


629 


0.135 


177 


27.99 


1.603 


2105 


0.780 


1023 


0.486 


638 






28.96 


1.656 


2175 


0.801 


1052 


0.493 


647 






30.88 


1.758 


2309 


0.842 


1106 


0.511 


671 






32.81 


1.861 


2444 


0.881 


1157 


0.530 


696 






34.74 


1.966 


2582 


0.919 


1207 


0.547 


718 






36.67 


2.070 


2718 


0.955 


1254 


0.566 


742 







TABLE 61. 
Strengrtlt of Ammonia Llqaor.* 



Degrees 


Specific 


Percent- 


Degrees 


Specific 


Percent- 


Baume 


gravity 


age 


Baume 


gravity 


age 


10 


1.0000 


0.0 


20 


0.9333 


17.4 


11 


0.9929 


1.8 


21 


0.9271 


19.4 


12 


0.9659 


3.3 


22 


0.9210 


21.4 


13 


0.9790 


5.0 


23 


0.9150 


23.4 


14 


0.9722 


6.7 


24 


0.9090 


25.3 


15 


0.9655 


8.4 


25 


0.9032 


27.7 


16 


0.9589 


10.0 


26(a) 


0.8074 


30.1 


17 


0.9523 


11.9 


27 


0.8917 


32.5 


IS 


0.9459 


13.7 


28 


0.8860 


35.2 


19 


0.9896 


15.5 


29 


0.8806 





Note. — Sp. gr. of pure anhydrous ammonia 
(a) Known to the trade as "29% per cent." 
*Tayler. Pocket-Book of Refrigeration. 
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TABLE 62. 
Properties of Saturated Sulphur Dioxide. 



(Ledoux).* 





Absolute 










Temp, of 


pressure 


Total heat 


Latent heat 


Heat of 


Density of 


ebullition 


lbs. per 


from 


of vapor- 


liquid 


vapor 


(teg. F. 


sq. in. 


32deg. F. 


ization 


from 


wt. per 




P-^ 144 






32deg'. F. 


cu. ft. 


—22 


5.56 


157.43 


176.99 


—19.56 


.076 


—13 


7.23 


158.64 


174.96 


—16.30 


.097 


— 4 


9.27 


159.84 


172.89 


—13.05 


.123 


5 


11.76 


161.03 


170.82 


— 9.79 


.153 


14 


14.74 


162.20 


168.73 


— 6.53 


.190 


23 


18.31 


168.36 


166.68 


— 3.27 


.232 


32 


22.53 


164.51 


164.51 


0.00 


.282 


41 


27.48 


165.65 


162.38 


3.27 


.340 


50 


33.25 


166.78 


160.23 


6.55 


.407 


59 


39.93 


167.90 


158.07 


9.83 


.483 


68 


47.61 


168.99 


155.89 


13.11 


.570 


77 


56.39 


170.00 


153.70 


16.39 


.669 


86 


66.36 


171.17 


151.49 


19.69 


.780 


95 


77.64 


172.24 


149.26 


22.98 


.906 


104 


90.31 


173.30 


147.02 


26.28 


1.046 



TABLE 63. 
Properties of Saturated Carbon Dloxlde.f 





Absolute 










Temp, of 


pressure 


Total heat 


Latent heat 


Heat of 


Density of 


ebullition 


in lbs. 


from 


of vapor- 


liquid 


vapor or 


deg. F. 


per 


32 deg. F. 


ization 


from 


wt. per 




sq. in. 






32 deg. F. 


cu. ft. 


—22 


210 


98.35 


136.15 


—37.80 


2.321 


—13 


249 


99.14 


131.65 


—32.51 


2.759 


— 4 


292 


99.88 


126.79 


—26.91 


3.265 


5 


342 


100.58 


121.50 


—20.92 


3.863 


14 


396 


101.21 


115.70 


—14.49 


4.535 


• 23 


457 . 


101.81 


109.37 


— 7.56 


5.831 


32 


525 


102.35 


102.35 


0.00 


6.266 


41 


599 


102.84 


94.52 


8.32 


7.374 


50 


680 


103.24 


85.64 


17.60 


8.708 


59 


768 


103.59 


.75.37 


28.22 


10.356 


68 


864 


103.84 


62.98 


40.86 


12.480 


77 


968 


103.95 


46.89 


57.06 


15.475 


86 


1080 


103.72 


19.28 


84.44 


21.519 



♦Rents' M. E. Pocket-Book. 
1 1. O. S. Pamphlet 1238 B. 
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TABLE 64. 
Pressured and Boiling; Points of Liquids Available for Use 

in Refrigrerating: 9Iaeliines«* 



Tempera- 
ture of 
ebullition 



deg. F. 



—40 

—31 

—22 

—IS 

— 4 

5 

14 

23 

32 

41 

50 

59 

68 

77 

86 

{>5 

104 



Sulphur 
dioxide 



5.56 
7.23 
9.27 
11.76 
14.75 
18.31 
22.53 
27.48 
33.26 
39.93 
47.62 
56.39 
66.37 
77.64 
90.32 



Pressure of vapor 
Pounds per square inch absolute 



Ammonia 



10.22 

13.23 

16.95 

21.51 

27.04 

33.67 

41.58 

50.91 

61.85 

74.55 

89.21 

105.99 

125.08 

146.64 

170.83 

197.83 

227.76 



Carbon 
dioxide 



.1 
.4 
A 

.4 



251.6 

292.9 

340. 

393. 

453. 

520. 

594.8 

676.9 

766.9 

864.9 

971.1 

1085.6 

1207.9 

1338.2 



Pictet 
fluid 



13.5 
16.2 
19.3 
22.9 
26.9 
31.2 
36.2 
41.7 
48.1 
55.6 



64. 
73. 



82.9 



TABLK 65. 
Table of C&lcium Brine Solution. 



Deg. 


Per cent. 












Baume 


calcium 


Lbs. per 


Specific 


Specific 


Freezing 


Amm. 


60 deg. 


by 


cu. ft. 


gravity 


heat 


point 


gage 


F. 


weight 


solution 






deg. P. 


pressure 





0.000 


0.0 


 1.000 


1.000 


32.00 


47.31 


2 


1.88fi 


2.5 


1.014 


.988 


30.33 


45.14 


4 


3.772 


5.0 


1.028 


.972 


28.58 


43.00 


6 


5.658 


7.5 


1.043 


.955 


27.05 


41.17 


8 


7.544 


10.0 


1.058 


.936 


25.52 


39.35 


10 


9.430 


12.5 


1.074 


.911 


22.80 


36.30 


12 


ll.tnQ 


15.0 


1.090 


.890 


19.70 


32.93 


14 


13.202 


17.5 


1.107 


.878 


16.61 


29.63 


16 


15.088 


20.0 


1.124 


.866 


13.67 


27.04 


18 


16.974 


22.5 


1.142 


.854 


10.00 


23.85 


20 


18.860 


25.0 


1.160 


.844 


4.60 


19.43 


22 


20.746 


27.5 


1.179 


.834 


— 1.40 


14.70 


24 


22.632 


30.0 


1.198 


.817 


— . 8.60 


9.96 


26 


24.518 


32.5 


1.218 


.799 


—17.10 


5.22 


28 


26.404 


35.0 


1.239 


.778 


—27.00 


.65 


30 


28.290 


37.5 


1.261 


.757 


--39.20 


8.5''vac. 


32 


30.176 


40.0 


1.283 




—54.40 


15" vac. 


34 


32.062 


42.5 


1.306 




—39.20 


4" vac. 



♦Kent's M. E. Pocket- Book. 

t Am. Sch. of Cor. Dickerman-Boyer. 
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TABLE 66. 

Table of Salt Brine Solution.* 

(Sodium chloride). 



Degrees 














Salom- 


Percent. 


Pounds 


Specific 


Specific 


Freezing 


Amm. 


eter at 


by wt. 


of salt 


gravity 


lieat 


point 


gage 


60 deg. P. 


of salt 


per cu. ft. 






deg. P. 


pressure 





0.00 


0.000 


1.0000 


1.000 


32.0 


47.32 


5 


1.25 


0.785 


1.0090 


.990 


30.3 


45.10 


10 


2.50 


1.686 


1.0181 


.980 


28.6 


43.03 


15 


8.75 


2.401 


1.0271 


.970 


26.9 


41.00 


20 


5.00 


3.289 


1.0362 


.960 


25.2 


- 38.96 


25 


6.25 


4.090 


1.0455 


.943 


23.6 


37.19 


ao 


7.50 


4.967 


1.0547 


.926 


22.0 


35.44 


35 


8.75 


5.834 


1.0640 


.909 


20.4 


33.69 


40 


10.00 


6.709 


1.0733 


.892 


18.7 


31.93 


45 


11.25 


7.622 


1.0828 


.883 


17.1 


30.33 


50 


12.50 


8.542 


1.0923 


.874 


15.5 


28.73 


55 


18.75 


9.462 


1.1018 


.864 


13.9 


27.24 


60 


15.00 


10.389 


1.1114 


.855 


12.2 


25.76 


65 


16.25 


11.384 


1.1213 


.848 


10.7 


24.46 


70 


17.50 


12.387 


1.1312 


.842 


9.2 


23.16 


75 


18.75 


13.396 


1.1411 


.835 


7.7 


21.82 


80 


20.00 


14.421 


1.1511 


.829 


6.1 


20.43 


85 


21.25 


15.461 


1.1614 


.818 


4.6 


19.16 


90 


22.50 


16.508 


1.1717 


.806 


3.1 


18.20 


95 


23.75 


17.555 


1.1820 


.795 


1.6 


16.88 


100 


25.00 


18.610 


1.1923 


.783 


0.0 


15.67 



TABLE 67. 

Horse-Poiver Required to Produce One Ton of Ref rlgreration.t 

Condenser pressure and temperature. 



p, p 



73 

a 
OS 

OQ 

« 

O 



^r^ 

s 



4 
6 
9 
13 
16 
20 
24 
28 
33 
39 
45 
51 



p 


103 


115 


127 


139 


153 


168 


184 


200 


T 


65 


70 


75 


80 


85 


90 


95 


100 


—20° 


1.0584 


1.1304 


1.2051 


1.2832 


1.3611 


1.4427 


1.5251 


1.6090 


—15 


.9972 


1.0604 


1.1450 


1.2221 


1.3001 


1.4101 


1.4609 


1.5458 


—10 


.9026 


.9777 


1.0453 


1.1183 


1.1926 


1.2602 


1.3471 


1.4352 


— 5 


.8184 


.8833 


.9537 


1.0230 


1.0935 


1.1679 


1.2437 


1.3209 





.7352 


.8008 


.8648 


.9328 


1.0019 


1.0718 


1.1467 


1.2194 


5 


.6665 


.7312 


.7946 


.8593 


.9278 


.9978 


1.0656 


1.1381 


10 


.5915 


.6629 


.7257 


.7894 


.8545 


.9205 


.9911 


1.0595 


15 


.5410 


.5998 


.6641 


.7276 


.7924 


.8553 


.9224 


.9943 


20 


.4745 


.5340 


.5923 


.6716 


.7148 


.7796 


.8420 


.9031 


25 


.4103 


.4659 


.5227 


.5804 


.5992 


.7022 


.7667 


.8289 


30 


.3509 


.4056 


.4612 


.5178 


.5755 


.6353 


.6944 


.7590 


35 


.3005 


.3546 


.4101 


.4666 


.5214 


.5804 


.6398 


.7009 



218 



105 



6910 
6300 
5093 
3961 
2547 
2121 
1294 
1.0608 
.9736 
.8922 
.8172 
.7^ 



Note. — The above flgiires are purely theoretical. 
50 per cent, must be added. 

*Am. Sch. of Cor. Diclcerman-Boyer. 
t De La Vergne Catalog. 
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TABLE 68. 

Cnble Feet of Ammonia Gas per Minute to Produce One Ton 

of Refrigeration per Day.* 

Condenser pressure and temperature. 







Press. 


108 


115 


127 


139 


153 


168 


185 


200 


218 




Press. 


Temp. 


65° 


70° 


75° 


80° 


86° 


90° 


95° 


100° 


106° 


OQ E 


4 


—20" 


5.84 


5.90 


5.96 


6.03 


6.06 


6.16 


6.23 


6.30 


6.43 


6 


—15° 


5.35 


5.40 


5.46 


5.52 


D • u%j 


5.64 


5.70 


5.77 


5.83 


§§ 


9 


—10° 


4.66 


4.73 


4.76 


4.81 


4.86 


4.91 


4.97 


5.06 


5.06 


^s 


13 


— 5° 


4.09 


4.12 


4.17 


4.21 


4.25 


4.30 


4.35 


4.40 


4.44 


7.^ 


16 


0° 


3.59 


3.68 


3.66 


3.70 


3.74 


3.78 


3.88 


3.87 


3.91 


erato] 
temp 


20 


5° 


3.20 


3.24 


3.27 


3.30 


3.34 


3.38 


3.41 


3.45 


3.49 


24 


10° 


2.87 


2.90 


2.93 


2.96 


2.99 


3.02 


3.06 


3.09 


3.12 


28 


15° 


2.59 


2.61 


2.65 


2.68 


2.71 


2.73 


2.76 


2.80 


2.82 


u 


33 


20° 


2.31 


2.34 


2.36 


2.38 


2.41 


2.44 


2.46 


2.49 


2.51 


^ 


39 


25° 


2.06 


2.08 


2.10 


2.12 


2.15 


2.17 


2.20 


2.22 


2.24 


£ 


45 


30° 


1.85 


1.87 


1.89 


1.91 


1.93 


1.95 


1.97 


2.00 


2.01 




51 


35° 


1.70 


1.72 


1.74 


1.76 


i.rr 


1.79 


1.81 


1.88 


1.85 



TABLE 69. 
Table of Refrlgreratlngr Capacities*! 



Size of building 








Sur- 


Ratio 


Dimen- 


Con- 


face 


cu. ft. 


sions of 


tents 


in sq. 


to sq. 


building 


cu. ft. 


ft. 


ft. 


5x4x5 


100 


130 


1.3 


8x10x10 


800 


520 


.65 


25x40x10 


10000 


3300 


.33 


20x50x20 


20000 


480O 


.24 


40x50x20 


4O00O 


7600 


.19 


60x50x20 


60000 


10400 


.17 


80x50x20 


80000 


1320O 


.165 


100x50x20 


100000 


16000 


.16 


100x100x20 


200000 


28000 


.14 


100x100x40 


400000 


36000 


.09 


100x100x60 


600000 


44000 


.073 


100x100x80 


800000 


520OO 


.065 


100x100x100 


1000000 


60000 


.08 



Number of cu. ft. per ton of refrigera- 
tion at temperatures given 

Temperatures 



0« 



900 

180O 

3600 

4860 

6300 

6840 

7200 

7200 

8100 

13060 

16200 

18000 

19850 



8° 



1100 

2200 

4400 

5940 

7700 

8360 

8800 

8800 

9900 

15950 

19800 

22000 

23650 



16° 



1300 

2600 

5200 

7020 

9100 

9680 

10700 

10400 

11700 

18850 

2340O 

26000 

27950 



24° 



1500 

8000 

6000 

8100 

10500 

11400 

12000 

12000 

13000 

21750 

27000 

30000 

32250 



32° 



1700 

3400 

6700 

9180 

11900 

12920 

13600 

1360O 

15300 

24650 

906OO 

34000 

36650 



40° 



1900 
380O 
7600 
10260 
13300 
14440 
15200 
15200 
17100 
27550 
34200 
38000 
40850 



48° 



2100 
4200 
8400 
11340 
14700 
15060 
16800 
1680O 
18900 
80450 

srrsoo 

42000 
45150 



* Peatherstone Foundry and Machine Co. Catalog. 
tTayler. P. B. of R. 
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TABL.B 71. 

Temperatures to Which Ammonia Gas Is Raised by 

Compression.* 



Tempera- 


Absolute 




Absolute suction pressure 




ture of 


condensing 






















Buetion 


pressure 


20 


25 


30 


35 


40 


45 


degr. F. 


90 


199 


165 


138 


116 


98 


83 




110 


232 


196 


166 


145 


126 


109 




130 


281 


222 


193 


169 


150 


132 




150 


285 


246 


216 


191 


171 


153 




160 


296 


257 


226 


202 


181 


163 


5 deg. F. 


90 


266 


172 


145 


123 


104 


89 




110 


239 


203 


174 


151 


132 


115 




130 


268 


230 


200 


176 


156 


139 




150 


293 


254 


223 


198 


178 


160 




160 


305 


265 


234 


209 


188 


170 


10 deg, F. 


90 


213 


178 


151 


129 


110 


96 




110 


247 


210 


181 


158 


139 


122 




130 


275 


237 


207 


183 


163 


145 




150 


301 


262 


231 


205 


185 


167 




160 


313 


273 


241 


216 


195 


176 


15 deg. F. 


90 


221 


185 


158 


135 


117 


101 




110 


254 


217 


188 


164 


145 


128 




130 


283 


245 


214 


191 


170 


152 




150 


309 


269 


238 


213 


192 


173 




160 


321 


281 


249 


223 


202 

1 


183 


20 deg. F. 


90 


228 


192 


164 


141 


123 


106 




110 


262 


224 


195 


171 


150 


134 




130 


291 


253 


222 


197 


176 


158 




150 


317 


277 


245 


220 


198 


180 




160 


329 


288 


256 


230 


209 


190 


25 deg. F. 


90 


235 


190 


171 


148 


129 


111 




110 


2©9 


230 


200 


178 


155 


140 




130 


299 


259 


229 


204 


183 


165 




150 


325 


284 


253 


227 


205 


187 




160 


338 


296 


264 


237 


216 


197 


30 deg. F. 


90 


242 


20G 


177 


154 


134 


118 




110 


277 


23$) 


208 


184. 


104 


147 




130 


307 


267 


2Sii 


211 


IJX) 


171 




150 


334 


292 


2m 


21^4 


212 


193 




KJO 


346 


304 


271 


245 


223 


203 


3.'j deg. F. 


fK> 


249 


213 


182 


160 


141 


124 




110 


286 


246 


215 


191 


170 


lii^ 




130 


315 


274 


243 


217 


jm 


178 




150 


341 


300 


268 


241 


219 


200 




160 


354 


312 


279 


252 


230 


210 
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TABLE 73. 
Time Required to Freeze Ice In Gella or Cans, (a) (Slebert).* 





Thickness in inches 


Temp. 






deg. F. 


1 


2 
1.28 


3 


4 


5 

8.00 


6 

11.5 


7 


8 
20.4 


9 


10 


11 


12 


10 


0.32 


2.86 


5.10 


15.6 


25.8 


31.8 


38.5 


45.8 


12 


0.35 


1.40 


3.15 


5.60 


8.75 


12.6 


17.3 


22.4 


28.4 


35.0 


42.3 


50.4 


14 


0.39 


1.56 


3.50 


6.22 


9.70 


14.0 


19.0 


25.0 


31.5 


39.0 


47.0 


56.0 


16 


0.44 


1.75 


3.94 


7.00 


11.00 


15.8 


21.5 


28.0 


35.5 


43.7 


53.0 


63.0 


18 


0.50 


2.00 


4.50 


8.00 


12.50 


18.0 


24.5 


32.0 


40.5 


50.0 


00.5 


72.0 


20 


0.53 


2.32 


5.25 


9.30 


14.60 


21.0 


28.5 


37.3 


47.2 


58.3 


70.5 


84.0 


22 


0.70 


2.80 


6.30 


11.20 


17.50 


25.2 


34.3 


44.8 


56.7 


70.0 


84.7 


100.0 


24 


0.88 


3.50 


7.86 


14.00 


21.00 


31.5 


42.8 


56.0 


71.0 


87.5 


106.0 


126.0 



(a) Time required from one waU, for plate ice, two times the above values. 

TABLE 74. 
Standard Slases of Ice Cans.t 



Size of 


Size of 


Size of 


Inside 


Outside 


Size of 


cake, in 


top. 


bottom, 


depth, 


depth, 


band, 


pounds 


inches 


inches 


inches 


inches 


inches 


50 


8x8 


7^^7% 


31 


32 


%xl% 


100 


8x16 


714x15^ 


31 


32 


%xl% 


200 


ll%x22^ 


10%x21% 


31 


32 


%x2 


300 


ll%x22% 


10^x21% 


44 


45 


%x2 


400 


ll%x22i^ 


10%x21% 


57 


58 


%x2 



TABLE 75. 
Cold Storagre Temperatures for Various Articles.* 



Article 


Temp. 

deg. 

F. 


Article 


Temp. 

deg. 

F. 

26-55 

35-40 

35 

35 
25-52 
25-28 

15-28 

36-38 

30-35 

33-40 

45 

34-45 

36-40 

35 

34 

25-28 

32 

35 

40 

35 

35 

34-40 


Article 


Temp. 

deg. 

F. 


Apples 


32-36 
34 
40-45 
32-40 
36-40 

40 
32-38 

34 

40 
32-34 
32-33 

40 
30-40 
45-50 

35 
34^36 

35 

39 

55 
33-35 

55 
25-30 

35 


Fruits 


Oranges 

Oysters 

Oysters (in 
tubs) 


45-50 


Asparagus - ._ 

Bananas 

Beans (dried) __ 


Fruits (dried) __ 

Fruits (canned) 

Furs (un- 
dressed) 

Furs (dressed)— 

Game (frozen)— 

Game (to 
freeze) ,— 

Grapes 


33-35 
25 


Berries (fresh) _ 
Buckwheat 
flour 


Oysters (in 

shells) 

Peaches 

Pears 


33 
45-55 


Butter 


34-36 


Cabbage 

Cantaloupes 


Peas (dried) .__ 
Pork 


40 
34 


Celery 


Hams 


Potatoes 

Poultry 

(frozen) 

Poultry (to 

freeze) _ 

Sugar, etc. 

Syrup 


36-40 


Cheese 


Hops! 




CThocolate 


Honey 


28-30 


Cider - 


Lard 




Claret 


Lemons 

Meat (canned)— 

Meat (fresh) 

Meat (frozen) __ 
Milk 


18-22 


Corn (dried) „ 
(!Jranberries 


40-45 
35 


Oeam 

CTucumbers 


Tobacco 

Tomatoes 

Vegetables 

Watermelons __ 
Wheat flour ___ 

Wines 

WooUens, etc.— 


35 
36 


Dates - 


Nuts 


34-40 


Eggs - 

F gs 


Oat meal 

Oil 


34 

40 


F sh (fresh) 

Fish (dried) 


Oleomargarine _ 
Onions 


40-45 
25-32 



♦Tayler. P. B. of R. 

t As adopted by the Ice Machine Builders' Association of the U. 

463 



S. 



APPENDIX III. 



The following e 



I used In ti«ts 
1— No ol boiler 
— Dumtlon of t«st hours 
1— Fuel l>urncil lurins icat lbs 
— Pu 1 p*r hour ]1« _ 

6— Fuel per sq It grate por hour Ihs _ 
Ic t<!in{Hr>ture degniea FHhretiliell 

L ft of hesting surfaw 



' lbs 



of n 



:r («vaiK>ratloD pet tiour)— lbs 



mpanylng flguie 



HbM Hard Hard 
!s-«-7 S-4S-7 R-iS-7 



uwim 1080.00 1S62.00 

_ (iSW 00 hW.WI 7100.09 

. .uuio uD uT^.uii »^.on 

he LombuHtlon chart 



ip^d for this E 




two pounds gage on the radiation. 

Line 11 gives the ca|)ai:lty In 

feet of raatatton Inoluding' 



foot per hour, 
about one-thlt 
lea. The catalc 



burned and the actual evaporation In each test exceed thle 
ticure. MultlpIylnK ItT-E by the asBumad evaporatlva rate 
of 8.5 and dividing: by .2S = STOO square feet. ComparlnE 
with column 2, line B times line 9 divided by .26 elves 6T20 
square feet, which Is above the cataloK rating. Test number 
two comparecl with test number one ahows that by Increaa- 



inB t 



it of coal from 170 i 
r Increases the boiler capacity T40 square f 



i 192 I 



isa 




... 






. . 


Nearest freleht station 











alety gflgea-___ 













Sq. ft. of radiation 

Cut-off valves and radiator valves 

Air valves 

Radiator wall shields 

Temperature control 

Humidifying apparatus 

Floor and ceiling plates 

Hangers 

Expansion tank 

CToid air ducts, stack boxes and registers. 

Pipe covering 

Bronzing 

Labor of installation _ 

Freight and cartage 

Per cent, of profit 

Total bid _ 

Submitted by 
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SKETCHBS SHOWINrt VAOrUM SRKVICE DETAILS.* 




Method of Installing return connecllonB from overhead 
mlfold colls, uslns drop legs, traps and dirt strainers. 
A for e coils or less. B Cor more than 6 foils. 




r 



C, Method of inslalline drip ronnectionB from horizontal 
oil Hejiarator IbrouKh greaxe anO oil trap to drain. 

i>. Method of driitplns steam supply main through drip 
trap into vacuum return, using vertical loop as cooling sur- 
face and dirt pocket. 

■Warren Webster Co 



SUPPLY PI5EB DPIP5 



PtTUBW lNt.fr 




COHNTCT TO lOi* PPf SiuPf Hf *TIN6 MAIN NOT LfS5 
FhAM & (HSTANrrPOM WtiiUPf "pfliULATlNu'vALVf J 

VAI.UIIH bAOE 



fTOtI VAGUUM GOVEgWO? 
■»6l08EWLVE 




6106E VALVi 
A3DtfPA3W3Hl[ 
NOjlSyThAN 4X 
TP/IP 



GOW<[GT TO 



wort: flOTWttc ccTw rcr t oufy guttn AW^aucrtOH vAivtj 

OF BMLtg rttP PUMP TO KhOT UM THAW J -Q' 

E 



F 



E. Method of draining" down feed supply risers through 
wet return into a feed water heater. 

P. Method of making connections to gages. 



^t (.■Nf TO ;AC,U'JM OAOl 



/^, 



tNO 0/ »IP£ ro 8E 

CNJ.fVCL_Wirn 

BOTTOM or Btry^V 




ro JULTIQ N Of /*[UU1''U>«P 

■lUij 









10 JEtftB 



l.«P()te^rHJK_P[JuPhJ<AiNj 



G 



rial UATIBCUIUT 




H'_»vr OU'f 1P«P/ tONNtf'' IN10_WOf VACUUM BITURN^ 

H 



G. Method of installing a suction strainer where return 
main rises to vacuum pump, using fittings for lift pocket. 

H. Method of draining a hot water generator through a 
gate valve, dirt strainer and heavy duty trap. 
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hm uNt 




DRY BCTURW / 
OtWTf!? im TOBENfll 



J.i»iHANMBOVt_ 
CINTEP UNC Of 



RETUBN VENT TBAP 



3PEG<AL^WINbCHr»ALy t 
WET PET UBN \ 



jzr 



BOILER WATEP LlNf 



CONWE GTiaW TBBf 5ANCilU 



A3 DBY RET URN Kfm 



lOHNEGTIONJOBEONiAnt 
rCRA^WtTRCIUPN 




.J3 






w i mt yAP A6on 

HMtiT PCIWT Of p w RCTJJBIV 



FLOOR UNI 




MN_NfCriO«Tp6fON_ 
JAMtCtmERASWE f W UJR«) 



3^^ 



I. Method of installing- connections where dry return 
rises and drips into wet returns. 

J. Detail showing return connection from radiators on 
brackets to wet return near floor with air lin*e connections 
through air line trap into dry return near ceiling. 



THIJCWhfCtlON'ltWHtM 
AlfiUNC VALVE OlD OOe 
lEiJ FROM DRif RETURN 
BRANCH OR MAIN OVEP 



SUPPLY MAIN 



;UWir POER 




V^^c=S^, 



.■vPtCIAl LH[GH VAIVL 
VINT T«AP 



qWP to wn PC TURN AI END Of ewi^ 
IN MAIN 

BOILER WATER LINE 



WEIREIURN 



o 



EDUUNb TEE 



Mm. 



OPT 6[TUPN 



BY PASQ ,' 



44E(HJAIIUR 




H[A\/r DUTY TRAP 



WfT PfTUBN 



HOT WATre HETEB 

XWgR. 



ftK 



fLODU LINI 

K li 

K. Method of installing drip connection at end of sup- 
ply main, or end of a long supply main branch. 

Li. Arrangement of return for modulation system where 
steam is taken from outside source. 
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INDEX 



Absolute piTessure 15 

temperature 14 
Absorption system of refrlg. 864 

absorbers 370 

compared with compression sys. 372 

coolers for 371 

condensers for 369 

elevation of 366 

exchangers for 371 

pumps for 371 
Accelerated systems, hot water 187 
Adaptation of district steam to pri- 
vate plants 338 
Air, amount to burn fuels 26 

circulation, furnace system 78, 112 

composition 35 

duct, fresh 83 

effect upon persons 44 

exhausted, from nozzle, actual 254 

exhausted per hour, plenum sys. 235 

hot, radiator! systems 115 

h. p. in moving 253, 257 

humidity of 46 

leakage, heat loss by 67 

moisture required by 51 

needed, plenum system 235 

purification 43 

required as heat carrier 78 

required per person 40, 42 

temperature at register 85 

valves 161 

velocities, measurement of 54, 249 

velocities of, in convection 52 

velocities, plenum system 249, 237 

washing and humidifying 46, 95, 230 
Ammonia, for one-ton refrig. 459 

solubility in water 455 

strength of liquor 455 
Anchors, tjrpes of 288 
Anemometer 54 
Appendix I, tables 1 to 57 

for heating and ventilation 399 
Appendix II, tables 58 to 75 

for refrigeration 453 
Appendix III, Boiler tests, data for 
estimating heating plants, vac- 
uum piping details 464 
Application of heat to solids and 
liquids 20 

of heat to gases 24 
Area of chimney, determination of 57 

of ducts, furnace system 82 

of ducts, indirect system 171, 173 

of ducts, plenum system 237 

of furnace and boiler grates 84, 148, 
166 



Aspirating coils 176 
Atmospheric and vapor systems 130 
Automatic vacuum sys. 203 
valves 200 

Bishop and Babcock sys. 203 
Blast coils, see Coils. 
Blowers, see Fans. 
Boiler, feeding 193, 317 

efficiencies 31 

feed pumps 317 

fittings 149 

typi^ 144, 319 
Boilers, h. w. and st. 144, 319 

capacity arid number of 323 

care and use of 199 

radiation supplied by 166, 320 

rating of 166, 320 

tests of 465 
Boiling point of water 21, 412, 415 

of liquids 457 
Boyle's law 25 

Brine cooling system, cap. of 385 
British thermal unit 11, 16 
Broomell sys. 133 
Bruckner system 138 
B. t. u. defined 10 

equivalents 11 

lost from buildings 73 
Build, materials, conductivities of 63 

Calcium brine solution 457 
Calorie, defined 10 

compared with B. t. u. 11 
Carbon, amount of air to burn 26 

dioxide defined 36 

dioxide exhaled 42 

dioxide in air 36 

dioxide, tests for 33, 38 
Carpenter, Prof. R. C. 71, 259 
Central Station heating. See district 

heating 275 
Centrifugal pumps 207, 315 
Charles' law 25 
Chimney applications 58 

area, determination of 57 
Chimneys 59 

capacity of 422 
Coal, fuel values of 421 
Coils, arrangement of in pipe heater 
153, 179, 221, 245 

aspirating 176 

blower system 240 

direct radiation 153 

heat transmission through 167, 240 

sq. ft. for cooling 381 
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INDEX 



surface, plenum system 240 

temp, leaving: Vento 239 
Cold air system of refrig:. 355 
Combination systems 103, 149, 224 
Combustion of fuels 26 
Comparison of furnace and other 

systems 76 
Compression system of refrig. 35(> 
Condensation, dripping from mains 
143, 338 

return to boilers 193 
Condenser, concentric tube 359 

enclosed 3&) 

exhaust steam 306 

for compression systems 359 

heating surface in 307 

submerged 360 
Conduction 18, 62 

Conductivities of building material 
63, 65 

of radiating surfaces 154, K* 
Conduits, district heating 279 
Convection 18, 62 

heat loss due to 62, 67, 72 
Conversion factors for water 411 
Coolers for weak liquor 371 
Cost of, heating from central sta- 
tion 326 

ice making 385, 460 
Cowls and vent, heads 60 
Cripps system 137 

Designs, typical — 

central station 289, 327 

furnace 86 

hot water 185 

plenum 267 
Dew point, influence of on refrig. 375 

temperature of air 48 
Dew points of air 418 
Direct-indirect radiation 170 
Direct radiation, tapping list 431 
Dirt strainer, Webster 207 
District heating 275 

adaptation to private plants 'SS8 

amount of radiation supplied by 
one horse-power exhaust steam 
;^)6, 339 

amount of radiation supplied 298 

amount of radiation supphed by 
reheater 310 

application to typical design 280 

boiler feed pumps 317 

boilers 319 

capacity of boiler plant 323 

centrifugal pumps 315 

circulating pumps 313 

city water supply 317 

classification 295 

conduits 279 

cost of heating 326 

cost, summary of tests 328 

diameter of mains 302, 334 

dripping condensation from mains 
338 



economizer 321 

exhaust steam available 304 

future increase 298 

heat available in exhaust steam 292 

heating surface in reheater 307 

high pressure steam heater 312 

hot water systems 295 

layout for conduit mains 285 

power plant layout 327, 333 

pressure drop in mains 334 

radiation in district 298 

radiation supplied by 1 h. p. of ex. 

St. 306, 330 
radlat'n supplied by economizer 321 
radiat'n supplied per boiler h. p. 320 
regulation 331 
reheater details 310 
reheater for circulating water 307 
reheater tube surface 308 
service connections 303 
steam available for heating 290 
systems classified 295 
typical design for consideration 289 
velocity of water in mains 312 
water per hr., as heat medium 297 
water to condense one pound of 
steam 306 

Double duct, plenum system 229 

Ducts, furnace system 106 
plenum system 237, 268, 272 

Dimham system 135, 203 

Kconomizers 321 
Efficiencies of boilers 31, 320 

of furnaces 31, 84 

radiation supplied by 321 

surface 323 
Electric pumps 197 
Electrical heating 350 

future of 352 
Engine, size of for plenum system 264 

water rate 306, 310 
Estimating, data for 466 
Evaporators for refrig. 361 
Exchangers 371 

Exhaust steam heating 201, 248, 26(5, 
277, 292, 339 

condensers 306 

radiation supplied 306 

steam available 304 
Expansion joints 287 

tanks 163, 439 
Exposure heat losses 69 

Factors of evaporation 447 
Fan-coil system. See plenum system. 

furnace system 113 
Fans and blowers 214 

capacity 450, 451, 452 

drives 262 

housings 217 

power of engine for 264 

selection of fan for cap. 261 

sizes, approx. 260 

speed of 263 
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Filtering, washing and humidifying 

air 46, 95. 230 
Fittings, steam and hot water 157 

table of sizes 440 
Flue gas analysis 17 
Freezing mixtures 454 
Fresh air duet 83, 106, 218 
Fresh air inlet to bldgs. 218 
Friction diagrams, water 442, 443 

in water pipes 438 

of air in pipes 441 

of steam in pipes 334 
Fuel values of Am. coals 421 
Fuels, combustion of 26 
Furnace heating 76 

air circulation within room 78, 113 

foundations 105 

location and setting 105 

pipeless 104 

selection 100 

sizes 424, 425 
Furnace system, fan 113 
Furnace system, gravity 76 

accelerating circulation 117 

air required as heat carrier 70 

design of 86 

efficiencies 31, 81 

essentials of 77 

fresh air duct in 83 

grate area in 84 

gross register area in 81 

heat stacks, sizes of 82 

heating surface in 85 

leader pipes in 83 

net vent register in 81 

plans for 89 

points to be calculated in 77 

register t<»mperature 80 

registers 80, 109 

stacks or risers in 82, 110 

suggestions for operating 118 

vent stacks 83 

Gage pressure 15 
Gallon degree calculation 385 
Gas analysis 32 
Gas-steam systems 140 
Generators 368 

Honeywell heat 137 
Grate area, boilers and heaters 144, 
166 

furnaces 84 
Greenhouse heating 177 

Hammer, water 192 

Hawkes system 116 

Heat 10 
application to solids and liquids 20 
application to gases 24 
given off by combustion 26 
given off by persons, lights, etc. 74 
given off by radiators 154 
latent 15 

mech. efjuivalent of 15 
specific 16 



Heat loss, chart 65 

combineti with vent, losses 73 

for a 10 room house 88 

for average year 94 

method of estimating 69-73 
Heat losses from bldg. materials 63 

due to conduction 61 

due to convection 67 

due to radiation 63 

due to exposure 69 
Heaters, combination 103, 149 

hot water 144 
Heating, boilers 319 

capacity, performance to guaran- 
tee 74 

district 275 

electric 350 

furnace 76 

hot water and steam 120 

mech. vacuum 200 

plenum 213 

surface in boilers 148, 320 

surface in coils 240 

surface in economizer 323 

surface in reheater 307, 309 

systems, comparison of 76, 120, 200, 
213 
High pressure heater 312 

velocity h. w. systems 137 
Honeywell sys. 137 
Horse-power, in moving air 257 

of boilers 320 

of engine 264 

of fan 259 
Hot-air pipes, cap. of 424 

air radiator systems 115 

duets 83 

stacks 82 
Hot water and steam heating 120 

accelerated or high press, h. w. sys- ^ 
tems 136 '^' 

calculation of rad. sur. 167 

classifications 121-124 

connection to radiators 128, 153, 
173, 1&>, 431 

design, h. w. 185 

determination of pipe sizes 180, .834 

diagrams for 125 

empirical equations 170 

expansion tanks 163 

fittings 157 

for district service 275 

for tanks and pools li)8 

grate area 148, 166 

greenhouse radiation 178 

location of radiators for 185 

main and riser layouts 126, 182, 188, 
191 

pipes, tables of sizes 430 

pitch of mains for 184 

principles of design of 166 

radiator® 1.50 

risers, capacity table 4.^?, 434, 4.')5 

proportioning pipe sizes 182 

suggestions for operating 199 
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sys., accelerated or high vel. 136 

systems, h. w. and st. 125 

systems, vapor 130 

temperature 331 

water used in indirect coils 247 
Housing, effect on radiators 155 
Humidity, abs. rel. 46 

effect upon persons 44 

tables of 416, 417 
Hydrometrio scales compared 462 
Hygrodeik 47 
Hygrometer 46, 48 
Hygrometric chart 49 

Ice making and refrig, 356, 384 

capacity, calculation 384 

cost of 385 
Illinois sys. 135 
Indirect radiators 122, 173 
Insulation of st. and h. w. pipes 191, 
2T9 

(K) values for coils, radiators 154, 241 
Koerting system 138 

Latent heat 15 
Leader pipes 83 
Location of furnaces 105 

of radiators 185 

of registers 103, 109, 112, 117 

of stacks 82, 90, 110 

Main and riser layout 126, 182, 184, 

188, 191 
Mains, cap. of hot water 180, 433, 434 

cap. of steam 180, 334, 435-437 

condensation from 181, 338 

diameter of, calculation 180, 334 

pitch of 184 

pressure drop and diam. of 299, 334 

velocity of water in 302 
Manholes 289 
Measurement of air velocities 54, 249 

of temperatures 10 
Mechanical equivalent of heat 15 
Mechanical vacuum sys. 200 

advantages of 200 

Automatic, Bishop and Babcock, 
Dunham, Illinois, Webster 203 

dirt strainers for 206, 20T 

pump capacities for 206, 208 

radiation for 169 

regulation for 206 

return line valves for 200, 210 
Mechanical warm air sys. See Ple- 
num sys. 
Mills system (attic main) 127 
Moisture, addition of, to air 51 

effect upon persons 44 
Moline sys. 134 
Mouat-Squires sys. 133 

Naperian logarithms 411 
Nitrogen 36 
(n) values of 71 



Operation of furnaces 118 
of hot water heaters and steam 
boilers 199 
Outside temp, for design 92 
Oxygen 38 

Paul system 208 

piping connections for 204 
Performance to guarantee heating 

capacity 74 
Pipe, coil radiators 153, 179, 221, 245 

connections 266 

equalization of sizes 4.32 

fittings 141, 157, 440 

for refrigeration 363 

leader 83 

line refrigeration 376 

sizes, determination of 180, 182, 302, 
334 
Pipeless furnace 104 
Pipes, capacities of 433-437 

for refrigeration 363 
Piping connection around heater and 
engine 266 

corrosion of piping 165 

for heating sys, definitions 120-128 

system for automatic control of 
vacuum 206 
Pitot tubes 55, 255 
Plans, and specifications 388 

of typical Cent, station 327 

of typical furnace sys. 89 

of typical hot water sys. 188 

of typical plenum sys. 268 
Plenum system, mech. warm air sys. 
213 

air needed cu. ft. per hour in 235 

air velocity 237 

afr velocity, theoretical 249 

air washing and humidifying 230 

amount of steam condensed 248 

application of to school bldgs. 267 

approximate rules for 244, 254, 259 

approximate sizes of fan wheels 260 

arrangement of coils in pipe heat- 
ers 245 

arrangement of sees, and stacks in 
Vento heaters 246 

blower fans, actual h. p. to move 
air 257 

Carpenter's rules for 259 

cast surface for 223 

coil surface in 240 

cross sectional area ducts, regis- 
ters, etc. 237 

data 267 

division of coil surface In 223 

double ducts in 229 

dry steam needed in excess of exh. 
from engine 248 

efficiency and air temp. 286, 289-242 

factors for change of velocity and 
volume 251-253 

fan drives for 262 

final air temperature in 236, 238 
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floor plans for 288-274 

heating: surface in colls of 240 

heating surfaces 220 

h. p. of engine for fan for 264 

h. p. to move air 253, 257-260 

(K) values of 154, 241 

piping connections around heater 
and engine 266 

pressure and velocity, results of 
tests of 254 

single duct in 228 

speed of fans for 263 

split system 228, 271 

temp, of air at register 236 

temp, of air leaving coils 238 

total heat loss per hour 235, 267 

use of hot water in indirect coils 247 

vel. of air escaping to atmos. 252 

work done in moving air 257 
Pools, heating water for 198 
Power, definition 19 

plant layout 327, 333 
Pressed steel radiators 150, 158 
Pressure, absolute 15 

and velocity, results of tests 254 

gage 15 

in water mains 296 
Properties of air 417 

of anunonia 454 

of carbon dioxide 456 

of steam 407' 

of sulphur dioxide 456 
Psyehrometer, sling 48 
Psychrometrlc chart 418 
Pumps, boiler feed 197, 317 

centrifugal 207, 315 

circulating 319 

city water supply 317 

electric 197 

for absorption system 371 

power required for 314-319 

steam needed for 294 
Purification of air 43 

Radiation 17 

amount of, one sq. ft. rehcater 
tube surface will supply 310 

amt. supplied by one h. p. 306 

amt. supplied by economizer 321 

direct-indirect 170 

indirect 122, 173 

hot water and steam 167 

one lb. exh. steam will supply 305 

sur. to heat circulating water 306 
Radiators, amt. of surface on 158 

cast 150, 158, 223 

classification of 150 

direct 121 

direct-indirect 121 

effect of housing 155 

hot-air, systems 115 

indirect 122 

location and connection of 185 

pipe coil 150, 221 

pressed steel 150, 158 



sizes 158, 173 

sizes, etc., for ten room house 187 

surface calculation for 167 

surface effect on trans, of heat 154 

tapping list 431, 433 
Reck system 139 
Rectifiers 368 
Rector system 115 
Refrigeration 353 

absorbers 370 

absorption system, elevation of 3G6 

capacities 450 

capacity of brine cooled system 385 

circulating system 372 

classification of systems 353 

coils, sq. ft. cooling 381 

cold air system 355 

comparison of systems 372 

compression system 355 

condenser 869 

coolers for weak liquor 371 

costs of ice making 385, 460 

evaporators 361 

exchangers 371 

gallon degree calculation 385 

general application 383 

generators 368 

heat loss 379 

horsepower for 458 

ice making cap. calculation 384 

influence of dew point 375 

methods of maintaining low temp. 
375 

pipe line 376 

pipes, valves and fittings 363 

pump for absorption system 371 

rectifiers 368 

vacuum system 354 
Register, area of 81, 423, 424 

connections 109 

inlets 219 

temperatures 80, 237 
Regulation, district heating 331 

damper 219, 225 

large plants 343 

small plants 341 
Room temperatures, standard 73 

Salt brine solution 458 
Service connections 288, 303 
Sheet metal dimensions 426 
Single duct, plenum system 228 
Sizes, of fan wheels, approximate 260 

of ice cans 463 
Smoke flues, equalization of 423 
Specific heat 16 

heats, etc., of substances 428 
Specifications for plans 388 

for boilers 145, 187 
Speeds of blower fans 263 
Split sys. plenum heating 228, 271 
Splitters 219 
Squares, cubes, etc. 400 
Stacks and risers 82, 110 
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Steam, and hot water heating 120 
See also h. w. and st. heat. 

amt. condensed in plenum sys. 248 

available for heating circulating 
water 304 

boilers 319 

calculation of rad. sur. 167 

classifications 121-124 

connection to radiators 128, 153, 173, 
18o, 431 

condensed per sq. ft. of heating 
sur. per hour 182, 248 

determination of pipe sizes 180, 334 

diagrams for 125 

dry, needed in excess of engine ex- 
haust 248, 290-295, 339 

empirical equations 170 

fittings 157 

gas-system 140 

grate area 148, 166 

greenhouse rad. 178 

heater, high pressure 312 

heating, district 28J), 298 
• location of radiators for 185 

loop 195 

main and riser layouts 126, 182 

mains, diameter of 3;w, 435-437 

pipe insulation 191, 279 

pipe sizes, table of 430 

pitch of the mains for 184 

principles of design of 166 

properties of sat. 407 

proportioning pipe sizes 182 

radiators 150 , 

risers, capacity tables 433-435 

sealed returns 128 

suggestions for operating 199 

systems, h. w. and st. 125 

systems, vapor 130 

traps, high pressure 195 

used by engines 306, 310 
Street mains and conduits, layout 2^ 
Suggestions for operating, furnaces 
118 

for school districts 395 

for specifications 388 

hot water heaters and boilers 199 
Sylphon damper regulator 136, 149 
Systems, comparison of heating 76, 
130, 200, 213 

Table I radiation constants 17 
Table II determination of CO2 40 
Tables III, IV volume of air per per- 
son 42 
Table V ave. temp, chimney gases 54 
Table VI values of (K) 63 
Table VII exposure losses (50 
Table VIII values of (n) 71 
Table IX standard room temps. 73 
Table X temps, unheatetl rooms 73 
Table XI heat given off by persons, 

hghts, etc. 74 
Table XII calculations for 10 room 
house 88 



Table XIII radiator surfaces 158 
Table XIV indirect rad, sur. 173 
Table XV cap. of indirect rads. 174 
Table XVI cap. greenhouse rad'n 178 
Tables XVII, XVIII, XIX proportion- 
ing pipe sizes 183 
Table XX cal. data for 10 room 

house 187 
Table XXI cap. Marsh vac. pumps 206 
Table XXII cap. Nash vac. pumps 

208 
Table XXIII sur. Vento heaters 224 
Table XXIV plenum air vel. 237 
Table XXV temps, leaving steam 

coils 239 
Table XXVI temps, leaving Vento 

coils 239 
Table XXVII values of (c) 241 
Table XXVIII efficiencies of coil 

heaters 241 
Table XXIX efficiencies of coil heat- 
ers 242 
Table XXX air pressure vel. 251 
Table XXXI air pressure, vel. 252 
Table XXXII air pressure, vel. 253 
Table XXXIII approx. fan sizes 260 
Table XXXIV fans speed 263 
Table XXXV cal. data for school 

buildings 267 
Table XXXVI heat loss from conduit 

mains 284 
Tables XXXVII, XXXVIII friction 

loss in conduit mains 301, 302 
Table XXXIX diameeters of conduit 

mains 340 
Table XL heat loss through insula- 
tion 379 
Table 1 squares, cubes, etc. 400 
Table 2 trigonometric functions 406 
Table 3 equivalents of units 406 
Table 4 properties of steam 407 
Table 5 Naperian logarithms 411 
Table 6 water conversion factors 411 
Table 7 vol. and wt. of dry air 412 
Table 8 Boiling temp, at different 

elevation 412 
Table 9 weight of pure water 413 
Table 10 boiling points of water in 
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